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The  f oUowing  Papers  were  read : — 

I.  ^'  Note  on  the  Electrolytic  Conduction  of  some  Organic 
Bodies.''  By  J.  H.  Gladstone,  Ph.D.,  F.R.S.,  Pullerian 
Professor  of  Chemistry  in  the  Royal  Institution,  and  Alfred 
Tribe,  F.C.S. ,  Lecturer  on  Chemistry  in  Dulwich  College. 
Received  January  27,  1877. 

During  our  early  researches*  on  the  copper-zinc  couple  it  naturally 
occurred  to  us  that  we  were  employing  a  special  means  of  electrolysis 
acting  at  insensible  distances ;  but  the  first  organic  substances  which  we 
succeeded  in  decomposing  by  means  of  this  agent  were  such  as  are 
usually  considered  non-electrolytic — for  instance,  iodide  of  ethyl ;  and 
we  obtained  the  remarkable  result  that  when  some  of  these  were  mixed 
with  alcohol  they  were  much  more  readily  decomposed,  although  pure 
alcohol  itself  is  not  attacked  by  the  couple  of  dissimilar  metals.  From 
time  to  time  we  experimented  with  external  batteries  of  10  or  50  cells 
of  Grove,  in  order  to  obtain  some  direct  evidence  of  the  electrolyzability 
of  these  compounds  in  the  ordinary  way,  but  with  only  negative  results. 
On  the  26th  of  April,  1875,  however,  we  made  a  series  of  experiments, 
employing  100  Grove's  cells,  and  obtained  results  which  we  did  not 
pursue  further  at  the  time,  but  which  we  think  interesting,  espedaUy  in 
connexion  with  the  experiments  on  other  but  similar  bodies  which 
Dr.  Bleekrode  has  lately  communicated  to  the  Eoyal  Society,  and  a  short 
notice  of  which  appears  in  the  last  Number  of  its  '  Proceedings.' 

We  used  for  the  experiments  a  glass  tube,  about  5  millims.  diameter, 
closed  at  one  end,  into  which  were  fused  two  platinum  wires,  about 

*  Proo.  Koy.  Soo.  1872,  p.  218.  Joum.  Chem.  Soo.  1873,  pp.  445.  678, 961 ;  1874, 
pp.  208,  406.  410.  616;  1875.  p.  608. 
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1  miUim.  apart.  The  liquids  were  placed  in  this  tube,  and  the  wires 
coxmected  with  the  terminal  wires  o£  the  battery,  an  ordinary  astatic 
gal?anometer  being  placed  in  the  circuit.  The  results  obtained  are  as 
follows : — 

Ethyl  Iodide.— '^'A. 

Alcohol. — On  making  contact  the  galvanometer-needle  showed  a  de- 
flection of  20^,  and  a  slight  commotion  of  the  liquid  was  observable. 
The  alcohol  gradually  warmed  up  until  it  boiled,  the  deflection  of  the 
needle  increasing  the  whole  time.  Gas  was  apparently  given  off  in 
minate  quantity  from  the  negative  electrode  ;  but  it  was  difficult  to  be 
certain  of  this. 

Equal  volumes  of  Alcohol  and  Ethyl  Iodide. — There  was  a  deflection 
of  30®  on  making  contact,  gradually  rising.  Great  commotion  ensued, 
the  liquid  rapidly  circulating  round  the  poles,  as  in  the  annexed  diagram, 
aecxHnpanied  by  a  browning  of  the  liquid.  Not  certain  about  the  evolu- 
tion of  gas — apparently  a  few  minute  bubbles  from  the  positive  pole. 
The  liquid  boiled  in  about  4  minutes,  the  deflection  being  then  60°. 


Ethyl  Bromide. — Nil. 

Equal  volumes  of  Alcohol  and  Ethyl  Bromide. — ^Violent  commotion  on 
making  contact,  the  galvanometer  being  deflected  to  the  stops.  The 
liquid  quickly  boiled.  Gas  apparently  given  off  &om  the  negative 
electrode. 

CTdoroform. — ^Nil. 

Equal  volumes  of  Alcohol  and  Chloroform. — Violent  commotion.  De- 
flection to  stops.     The  mijcture  very  quickly  boiled. 

Eihyl  AcetaUy  Propylene  Bromide^  Amyl  and  Isohutyl  Iodides  gave  nega- 
tive results.  When  mixed  with  equal  volumes  of  alcohol  they  behave 
nxnilarly  to  the  mixtures  referred  to  above. 

Our  results,  preliminary  as  we  considered  them  to  be,  show  that  the 
iodides  of  ethyl,  isobutyl,  and  amyl,  the  bromides  of  ethyl  and  propylene, 
the  acetate  of  ethyl,  and  chloroform  are  practically  non-conductors  to  a 
battery-power  of  100  cells  Grove,  and  that  alcohol  is  to  some  extent 
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trayersed  by  the  current.  They  show  also  that  when  these  liquid  non- 
conductors are  mixed  with  the  feeble  conductor  alcohol,  the  condudayity 
of  the  mixture  is  greater  than  that  of  alcohol  alone,  which  offers  at  least 
a  partial  due  to  the  readiness  with  which  such  mixtures  are  decomposed 
by  the  copper-anc  couple. 

The  Tery  considerable  development  of  heat  in  these  liquids,  whiA 
conduct  the  electric  current  with  great  difficulty,  is  a  drcumstanoe 
worthy  of  notice.  In  these  cases  it  is  evident  that  it  does  not  result 
from  any  chemical  change,  because  the  decomposition,  if  any  thing  at  all, 
is  utterly  insignificant  in  amount. 


II.  ''  On  the  Protrusion  of  Protoplasmic  Filaments  from  the  Glan- 
dular Hairs  of  the  Common  Teasel  {Dipsacua  sylvestris) .'' 
By  Francis  Darwin,  M.B.  Communicated  by  Charles 
Darwin,  F.R.S.     Received  January  80,  1877. 

(Abstract.) 

The  protoplasmic  structures  desciiJUaed  on  the  following  communication 
are  connected  with  the  gkiindttlar  b^iws  .^r  ^ricdbomes  foimd  on  both  sur- 
faces of  the  leaf  of  the  comsPKai  toasol  iJXfmmf  s^lvestris).  The  trichomea 
are  of  two  kinds,  differing  iax  ^  MMNCkoA  mmud^  in  shape.  The  form  of 
gland  from  which  alone  tbe  jwotSfdaQni&e  Itonents  issue  is  shown  in  the 
diagram.  The  gland  connats  oC  a  ttiiilticwillAMiUf  j^^  head,  supported 

on  a  cylindrical  unicellubr  sbfUk  wiiieb  reats  <xi  a  projecting  epidermic 
cell.  The  whole  structure  pi^ojeets  abovt  ^^  «f  *  aatdilimetre  (^  inch)  above 
the  surface  of  the  leaf. 

The  filaments  issue  from  ixmie  tibe  glaadrcelk,  reaching  the  surrounding 
medium  by  passing  throng  tib^e  external  cell-wall  of  the  gland.  The 
point  where  protrusion  takes  place  is  on  the  summit  of  the  gland,  and 
usually  at  the  point  of  junction  of  several  radiating  cells  at  the  centre 
of  its  dome-like  surface.  The  act  of  protrusion  is  rapidly  effected ;  a 
previously  naked  gland  may  be  seen  to  send  forth  a  minute  thread  of 
trembling  protoplasm,  projecting  from  its  summit  freely  into  the  sur- 
rounding water.  The  filament  grows  by  clearly  visible  increments,  and 
may  ultimately  attain  the  length  of  nearly  one  millimetre.  The  filaments 
appear  to  pass  through  the  substance  of  the  external  cell-wall  of  the 
glands,  as  no  apertures  to  allow  of  their  passage  have  been  observed. 

Under  normal  circumstances  the  filament  presents  the  appearance  of  a 
delicate  and  elongated  thread  slightly  clubbed  at  its  free  end,  and  ani- 
mated by  the  perpetual  tremble  of  Brownian  movement.  The  distal  end 
of  the  filament  is  often  attached  to  the  gland,  thus  forming  a  loop.  Ex- 
tremely delicate  filaments  of  great  length  are  often  seen  entangled  in 
elaborate  and  complex  knots,  or  several  filaments  may  be  seen  issuing 
from  a  single  gland. 
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The  subetance  of  which  the  filaments  are  composed  is  gelatinoos, 
transparent,  highly  refracting,  and  devoid  of  granules.  It  is  in  a  great 
measure  soluble  in  alcohol,  is  stained  by  tincture  of  alkanet,  and  not 
Uackened  bj  osmic  acid,  and  is  coloured  yellow  by  iodine.  These  reac- 
ti<uis,  when  combined  with  results  of  various  physiological  tests,  show 
that  the  filaments  contain  resinous  matter  in  some  way  suspended  in 
protoplasm. 

The  most  remarkable  point  in  the  behaviour  of  the  filaments  is  tiieir 
power  of  violently  contracting.  The  act  of  contraction  commences  by 
the  filament  becoming  shorter  and  thicker  at  a  number  of  nearly  equi- 
distant points,  situated  close  together  near  the  free  end  of  the  filament. 
Hie  curious  beading  thus  produced  spreads  rapidly  down  the  filament, 
which  ultimately  runs  violently  together  into  a  ball  seated  on  the  top  of 
the  ghmd.  In  other  cases  contraction  takes  place  without  any  previous 
appearance  of  beading. 

Filaments  frequently  break  loose  but  retain  their  vitality,  and  are  still 
capable  of  contraction  although  separated  from  their  parent  glands ;  and 
this  observation  is  of  importance,  as  proving  that  the  movements  of  the 
filaments  are  not  governed  by  forces  residing  within  the  glands,  but  that 
the  filaments  are  composed  of  an  essentially  contractile  substance. 

The  contraction  of  the  filaments  is  produced  by  the  following  causes: — 

DUuU  acids  (from  1  to  ^  per  cent.) — Sulphuric,  hydrochloric,  acetic, 
citric,  and  oamic  acids. 

DUuU  alkaline  solutions  (|  to  |  per  cent.) — Carbonates  of  ammonia, 
sodium,  potassium. 

SoltUions  of  gold-chloride  ^  per  cent.,  silver  nitrate  |  per  cent.,  sulphate 
of  quinine  ^  per  cent.,  citrate  of  strychnia  (about)  |  per  cent.,  camphor 
-j^  per  cent.,  the  poison  of  the  cobra  (about)  \  per  cent.,  iodine  \  per 
cent. 

Glycerine. 

Methylated  spirits. 

Vapour  of  chloroform. 

Beat,  The  temperatures  at  which  the  filaments  contract  are  rather 
variable,  but  are  ill  below  57°  C. 

Electricity.  The  induced  current  causes  contraction. 

Mechanical  stimulation. — ^The  filaments  contract  when  pressure  is  made 
on  the  cover-glass. 

The  evidence  derived  from  the  experiments,  of  which  the  results  are  here 
briefly  summarized,  appears  to  be  strongly  in  favour  of  the  view  that  the 
filaments  contain  true  living  protoplasm,  and  that  the  sudden  movement 
above  described  is  a  true  act  of  contraction ;  for  if  the  latter  hypothesis 
is  rejed«d,  the  only  remaining  view  is  that  the  filaments  are  so  consti- 
tuted as  to  be  capable  of  undergoing  coagulation,  by  which  contractility  is 
mechanically  simulated.  But  it  seems  inconceivable  that  reagents  of  widely 
difEerent  natures,  such  as  dilute  solutions  of  acetic  acid,  of  camphor,  and 
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of  gold-chloride,  should  produce  identical  chemical  effects.  Osmic  acid 
is  well  known  to  kill  protoplasmic  structures  without  making  them  con- 
tract. This  characteristic  reaction  holds  good  with  the  filaments  of  the 
teasel  when  treated  with  sufficiently  powerful  solutions  of  osmic  acid 
(e.g,  1  per  cent.).  When  killed  in  an  extended  position,  they  cannot  be 
made  to  contract  with  strong  acetic  add.  This  obserration  is  of  import- 
ance in  another  way ;  for  it  proves  that  the  violent  movements  caused  by 
dilute  acetic  add  are  of  a  '*  vital,"  and  not  simply  of  a  chemical  nature. 
Moreover  the  general  character  of  the  reagents  and  other  causes  (such 
as  heat,  ^.)  by  which  contraction  is  produced  is  quite  consistent  with 
the  belief  that  the  filaments  are  protoplasmic  in  nature. 

An  important  series  of  phenomena  are  produced  by  the  following 
fluids : — dilute  solutions  (|  or  |  per  cent.)  of  carbonates  of  ammonia, 
potassium,  and  sodium,  and  infusion  of  raw  meat.  If  a  filament  under 
the  microscope  is  treated  with  a  drop  of  |  per  cent,  solution  of  carbonate 
of  ammonia,  the  following  changes  occur.  The  filament  contracts,  bat 
almost  instantly  recovers  itself,  and  is  once  more  protruded.  The  fila- 
ment, however,  does  not  regain  its  original  form  or  general  appearance  : 
instead  of  consisting  of  thin  elongated  ropes  of  a  highly  refracting  sub- 
stance, it,  is  converted  into  balloon-like  or  sausage-shaped  masses  of  verj 
transparent,  lowly  refracting  matter.  These  transparent  masses  are 
remarkable  for  the  spontaneous  changes  of  form  and  other  quasi-amoBboid 
movements  which  occur  among  them. 

Dilute  infusions  of  meat  cause  a  similar  effect,  astonishing  quantities 
of  transparent  matter  being  produced. 

It  has  been  shown  that  the  filaments  are  protoplasmic  bodies,  containing 
a  large  quantity  of  resinous  matter.  The  question  next  arises,  with 
what  process  in  plant-physiology  is  the  protrusion  of  filaments  homo- 
logous? 

The  leaf-glands  of  the  teasel  are  similar  in  general  structure  to  many 
glandular  hairs  which  produce  resinous  and  slimy  secretions,  and,  like 
these  gland?,  they  contain  bright  drops  of  secreted  resin  lying  in  the 
centres  of  the  gland-cells ;  they  also  resemble  many  glandular  hairs  in 
being  often  capped  with  accumulations  of  secreted  matter.  Now  these 
accumulations  stain  red  with  alkanet,  yellow  with  iodine,  and  are  largely 
soluble  in  alcohol ;  that  is  to  say,  they  consist  of  substances  which  have 
the  same  reactions  as  the  filaments.  There  is,  in  fact,  no  doubt  that  the 
caps  of  resinous  matter  on  the  teasel-glands  are  produced  by  the  accu- 
mulation of  dead  filaments.  According  to  this  view,  the  act  of  protrusion 
is  essentially  a  process  of  secretion :  the  resin  issues  from  the  gland- 
cells,  mingled  with  a  certain  amount  of  true  protoplasm  ;  and  it  is  only 
from  the  death  of  the  living  or  protoplasmic  part  of  the  filaments  that 
the  resinous  accumulation  results.  This  view  of  the  act  of  protrusion 
corresponds  with  the  theory  of  secretion  held  by  some  physiologists,  vie 
that  secreted  matter  is  produced  by  the  dissolution  or  death  of  proto- 
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plaam — that,  for  instance,  the  oil  in  a  fat-cell  is  the  result  of  the  dis- 
int^;ration  of  a  plastid  or  individualized  mass  of  protoplasm  formed  in 
tiie  cell  by  endogenous  cell-formation. 

The  protrusion  of  protoplasmic  filaments  from  the  glands  of  the  teasel 
appears  to  bear  an  obscure  relationship  to  the  phenomena  of  *'  aggrega- 
tion" in  Drosera  and  several  other  pbmts.  In  both  processes  we  have 
homogeneous  highly  refracting  protoplasmic  masses,  which  undergo 
amceboid  movements,  and  are  in  some  unknown  way  connected  with  the 
absorption  of  nitrogenous  matter.  In  Drosera  the  protoplasmic  masses 
remain  wil^iin  certain  cells ;  in  Dipsacus  they  are  protruded  through  the 
cell-waU. 

When  we  begin  to  inquire  as  to  the  function  of  the  filaments,  the 
answer  seems  at  first  to  be  sufficiently  plain ;  but  this  is  very  far  from 
being  the  case.  The  connate  leaves  of  the  teasel  form  cup-like  cavities, 
which  become  full  of  rain  and  dew  and  in  which  many  drowned 
insects  accumulate.  The  glands  at  the  base  of  the  leaves  are  thus 
exposed  to  a  highly  nitrogenous  fluid.  And  since  such  fluids  are  known 
to  produce  a  remarkable  elEect  on  the  filaments  exposed  to  them,  it  seems 
probable  that  the  filaments  are  in  some  way  connected  with  the  assimi- 
lation of  food  material.  It  seems  probable  that,  either  with  or  without 
the  assistance  of  their  filaments,  the  glands  do  absorb  some  nitrogenous 
matter ;  for  changes  of  their  cell-contents  occasionally  occur  which  can 
only  thus  be  interpreted.  But  on  account  of  the  rarity  and  uncer- 
tainty of  these  aggregation  changes  within  the  glands^  but  little  weight 
must  be  allowed  to  the  phenomena  as  a  proof  of  the  absorbing  capacity 
of  the  glands.  Some  other  points  in  the  structure  of  the  plant 
render  it  almost  certain  that  the  connate  leaves  are  specially  adapted  to 
serve  some  useful  purpose.  Kemer  is  probably  right  in  believing  that 
the  '^  cups  "  of  the  teasel  are  of  use  to  the  plant  in  keeping  off  nectar- 
stealing  ants  and  other  wingless  insects ;  but  unless  this  is  their  only 
function,  it  seems  probable  that  the  connate  leaves  have  been  to  a  certain 
extent  adapted  for  the  capture  of  insects  whose  decaying  remains  are 
absorbed  by  the  plant.  The  leaves  are  smooth  and  steeply  inclined,  and 
form  a  pair  of  treacherous  slides  leading  down  to  a  pool  of  water. 

It  is  worthy  of  note  that  the  leaves  of  the  first  year's  growth,  which 
do  not  form  cups,  are  not  smooth,  but  bristle  with  long  sharp  hairs ; 
moreover  in  Dijpsacus  pUosus  the  leaves  (of  the  second  year's  growth)  are 
not  sufficiently  connate  to  form  cups,  and  they  also  are  rough  with  hairs. 
These  facts  seem  to  show  that  the  smoothness  of  the  second-year  leaves 
in  D.  sylvestris  is  a  specially  acquired  quality.  Another  special  point  of 
structure  in  D,  sylvestris  may  be  noted.  The  stems  are  everywhere 
armed  with  sharp  prickles,  except  where  they  are  covered  by  the  water 
in  the  "cups;"  and  here  they  are  quite  smooth,  so  that  no  ladder 
of  escape  is  afforded  to  the  drowning  victims.  Even  if  we  grant 
from  the  above  considerations  that  the  filaments  protruded  from  the 
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glands  are  in  some  way  connected  with  the  absorption  of  nitrogenous 
matter  from  the  putrid  fluid  in  the  cups,  we  are  far  from  understanding 
the  whole  of  the  problem ;  for  precisely  similar  JUamewt^otruding 
glands  are  found  on  the  seedling  leaves  of  D.sylvestrU  and  on  the  second 
year's  leaves  of  D,  piloms ;  and  as  no  '^  cups  "  are  formed  in  either  of  these 
cases,  the  filaments  cannot  be  connected  with  absorption  of  the  products 
of  decay.  The  only  view  which  suggests  itself  is  that  the  filaments 
absorb  ammonia  from  the  dew  and  rain.  Becent  researches  have  shown 
that  certain  leaves  have  the  power  of  absorbing  an  appreciable  quantity 
of  ammonia ;  and  this  fact  lends  some  probability  to  the  view  above 
advanced. 

To  recapitulate.  Protoplasmic  filaments  are  protruded  from  the  leaf- 
glands  of  the  teasel ;  and  the  only  theory  which  seems  at  all  capable  of 
connecting  the  observed  facts  is  the  following : — That  the  glands  on  the 
teasel  were  aboriginally  (t.  e.  in  the  ancestors  of  the  Dipsacacese)  mere 
resin-excreting  organs ;  that  the  protoplasm  which  comes  forth  was  ori- 
ginally a  necessary  concomitant  of  the  secreted  matters,  but  that,  from 
coming  in  contact  with  nitrogenous  fluids,  it  became  gradually  adapted 
to  retain  its  vitality  and  to  take  on  itself  an  absorptive  function ;  and 
that  this  power,  originally  developed  in  relation  to  the  ammonia  in  rain 
and  dew,  was  further  developed  in  relation  to  the  decaying  fluid  accu- 
mulating within  the  connate  leaves  of  the  plant. 


III.  "  On  the  Magnifying-power  of  the  Half-prism  as  a  means  of 
obtaining  great  Dispersion,  and  on  the  General  Theory  of  the 
'  Half-prism  Spectroscope.'  ^'  By  W.  H.  M.  Chkistie,  M.A., 
Fellow  of  Trinity  College,  Cambridge.  Communieated  by 
Dr.  HuGGiNs.     Eeceived  January  25,  1877. 

On  account  of  the  oblique  incidence  of  the  rays  on  the  isosceles  prism 
and  the  consequent  diminution  of  the  aperture  of  the  collimator,  a  *'  half- 
prism,"  formed  by  dividing  an  isosceles  prism  by  a  plane  perpendicular  to 
the  base,  has  frequently  been  employed  for  the  commencement  of  the 
train  of  prisms,  and  also  for  the  end,  though  apparently  without  due  con- 
sideration of  the  effect  of  the  "  half -prism  "  on  the  dispersion  of  the  other 
prisms  preceding  in  the  train.  This  is  a  matter  of  some  importance ;  for 
it  will  be  found  that  when  the  angles  of  incidence  and  emergence  are 
tmequal  (as  in  the  half- prism),  the  angular  separation  between  two  pencils 
o£  parallel  rays  is  increased  or  diminished  according  as  the  angle  of 
emergence  is  greater  or  less  than  the  angle  of  incidence.  In  consequence 
of  this  the  auglo  between  the  pencils  corresponding  to  any  two  lines  in 
the  spectrum,  e,  g,  the  two  D  lines,  will  be  increased  by  passing  through  a 
half-prism  (independently  of  the  effect  of  ordinary  dispersion)  if  the 
perpendicular  face  be  turned  towards  the  slit.    At  the  same  time  the 
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angle  between  the  penoils  coming  from  the  two  edges  of  the  slit  wiU,  for 
any  monodiromatic  light,  also  be  increased  in  nearly  the  same  ratio,  and 
thus  the  lines  in  any  spectrum  become  broader  as  thej  are  further  sepa* 
rated  by  virtue  of  this  property,  and  the  purity  of  the  spectrum  remains 
unaltered.  In  fact  the  half-prism  is  from  this  point  of  yiew  equivalent 
to  a  cylindrical  magnifier,  a  property  which  may  prove  most  useful  in 
t^  construction  of  the  spectroscope,  leading  to  the  substitution  of  three 
or,  at  the  most,  four  half-prisms  for  the  long  train  of  fifteen  or  twenty 
isosceles  prisms  now  used.  Por  this  purpose  direct-vision  prisms  will 
be  most  suitable;  but  I  propose  to  begin  by  considering  the  simpler 
case  of  a  half-prism  of  flint.  The  expression  *'  Magnifjring-power  '^  may 
be  conveniently  extended  to  the  property  in  question,  which,  as  will  be 
seen  presently;  is  strictly  analogous  to  that  of  a  lens ;  for  it  will  be  found 
that  the  same  law  holds  with  combinations  of  prisms  as  with  other  optical 
combinations,  viz.  the  magnifying-power  is  the  ratio  of  the  breadth  of 
tiie  incident  to  the  breadth  of  the  emergent  pencil*. 

In  consequence  of  the  property  of  the  half-prism  stated  above,  it  becomes 
necessary  to  distinguish  between  separation  accompanied  by  increased 
breadth  of  the  lines  and  separation  in  terms  of  this  breadth.  If  the  sense 
of  the  term  '^  dispersion ''  had  not  been  fixed  by  usage,  it  might  very  well  be 
applied  to  the  latter  effect,  retaining  *'  separation ''  for  the  other ;  but  it 
will  undoubtedly  be  more  in  conformity  with  received  ideas  to  define 
*<  dispersion  **  as  the  angular  length  of  the  spectrum,  whilst  the  term 
**  purity  "  may  be  used  for  the  ratio  of  this  angular  length  to  the  angular 
breadth  of  the  spectrum  lines  (expressed  in  terms  of  the  angular  width  of 
the  slit).  In  the  case  of  an  isosceles  prism,  for  which  the  magnifying- 
power  is  1,  the  dispersion  and  purity  are  equal. 

I  will  therefore  distinguish  the  two  positions  in  which  a  half-prism  can 
be  placed  with  respect  to  the  incident  rays  as  '*  Magnifying  "  and  '*  Dimi- 
nishing," according  as  the  perpendicular  face  is  turned  towards  the  slit 
or  away  from  it.  It  will  be  found  that  the  first  position  will  be  suitable 
in  cases  where  wide  separation  of  the  lines  is  required,  and  the  second 
where  great  purity  in  the  spectrum  is  of  importance ;  but  before  entering 
on  this  point  and  on  the  further  comparison  with  the  ordinary  combina- 
tions of  isosceles  prisms,  it  is  desirable  to  find  a  convenient  expression  for 
the  dispersion  in  different  cases,  confining  this  term  to  the  effect  of  the 
variation  in  the  refractive  index. 

*  Thi£  law  follows  at  onoe  from  the  principle  of  conBerration  of  energy,  since  the 
total  energy  of  all  the  pencils  which  pass  through  the  slit  and  fall  (in  a  state  of  paral- 
lelism) on  the  prism  is  measured  by  the  product  of  the  breadth  of  the  pencil  into  the 
angular  width  of  the  slit  If,  therefore,  by  the  refraction  at  any  surface  the  breadth  of 
the  pencil  is  diminished,  the  angular  breadth  of  the  monochromatic  image  of  the  slit 
must  be  increased,  the  narrower  penoils  being  spread  over  a  larger  angle,  since  the 
total  mergy  remains  constant  This  is  of  course  the  ordinary  law  of  brightness  of 
optical  images ;  a  more  formal  proof  from  purely  geometrical  considerations  is  given 
in  the  text 
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SiMFLB  PbISM. 

Let  ^,  <l>'  be  the  angles  of  incidence  and  refraction. 

>//,  \p'  be  the  angles  of  emergence  and  refraction,  ^  and  \f/  being  con- 
sidered positive  when  they  fall  on  the  side  of  the  normal  awaj 
from  the  edge  of  the  prism, 
/i  the  refractive  index. 
a  the  refracting  angle  of  the  prism. 
m  the  magnifying-power. 
A  the  dispersion. 

n=  — the  purity. 
m 

D  the  deviation. 

Then 

sin  0=^  sin  ^\ (1) 

sin  \l^=fi  sin  >//', (2) 

0'  +  f=* (3) 

and 

1.  Magnifying-j^ower. 

Let  ^^=:angle  between  two  incident  pencils. 

?\//=s angle  between  the  two  corresponding  emergent  pencils. 
Then 

Magnifying-power  tn=—-^. 

Now  (1)  and  (2)  give,  /i  being  constant, 

cot  0  30=cot  ^?^',  and  cot  xj/  ^>//=cot  \P'^' ; 
and  from  (3) 

_cot<t>    cot  \^'^ COS  0    COS  \//' ^  Breadth  of  incident  pencil 
""cot^'     cot  \(/     cos  ^' '  COS  xj/     Breadth  of  emergent  pencil' 
as  will  be  seen  at  once  by  drawing  perpendiculars  to  the  incident,  re- 
fracted, and  emergent  pencils.    Also,  if 

,     cot</)'  ^n^cotxl^' 

cot  ^  cot  If/ 

,  m 

we  have  fw=— 7. 

m 

We  may  call  m',  wi"  the  magnifying-powers  of  the  first  and  second  sur- 
fiices  respectively,  whence, 

-kr       £  •  «-  ^f  u«iif  «*;««^     Magnifying-power  of  second  surface 

Magnifying-power  of  half-pnsm«-^rp — /  .^  ^ fit-t ? • 

^     ^    &  ^  *^  ilagnifymg-power  ol  hrst  surface 
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2.  Dispersion. 
Taking  /i  as  variable, 

fl  '^COt^^  /I  cot)// 

or 

5^=  A' +m'a^',  ^^//=  A"  H-m"ai/.', 

where 

A'^  -^tan  ^= dispersion  at  first  surface, 

A"  s  ^  tan  4^= dispersion  at  second  surface ; 

also 

2^'4.2f  aO,  and  aD=:2^+^^. 

EKminating  ^'  and  ^i//\  we  have 

m"a^4-»*'^«w»"A'  +  m'A", 

with  the  farther  relations, 

J^-m'8^'  =A',  1 
a,/.-m'7f  =  A".J 

3.  Puniy. 

Putting  n'  =— ,=Bpurity  at  first  surface, 


we  have 


n"= -7,  =purity  at  second  surface, 
m 

n'=^tanA',    and   n"  =  i&tanf; 

.'.  m"^^4■wl'^^/.=lllW  (n'+n"). 

Before  proceeding  further  we  must  assume  some  relation  between 
^  ^,  3^',  iyp'  which  will  give  a  fourth  equation ;  and  here  three  cases 
iDaj  be  considered. 

L  ^aO,  or  the  collimator  fixed  relatively  to  the  prism.  This  gives 
the  dispersion  and  parity  of  the  spectrum  as  seen  by  the  eye,  whatever 
be  the  form  of  spectroscope  used. 

ii.  3^'=  — 3i//'=:0,  or  the  collimator  and  telescope  movable  relatively 
to  the  prism  in  such  a  manner  that  the  pencils  for  different  parts  of  the 
spectrum  all  pass  through  the  prism  in  the  same  direction.  This  is  the 
condition  in  the  ordinary  form  of  spectroscope  with  automatic  adjustment 
to  minimum  deviation. 

iii.  3DsO,  or  the  collimator  and  telescope  relatively  fixed,  whilst  the 
prism  is  turned  so  as  to  bring  different  parts  of  the  spectrum  into  the 
field  of  view.  This  can  only  be  done  m  hen  the  angles  of  incidence  and 
emergence  are  unequal,  as  in  the  half -prism  spectroscope. 
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Taking  these  three  cases  respectively,  we  have 
i.  3^=0;  /.  A=mA'-|-A",n=m'(n'4-n"). 

iii.  JDssO ;  /.  3^=  - ^\//=angle  through  which  the  prism  is  tomeds^. 

Then  e^  '»"^;+>^',A"  ^  ""A'+f  =  _A,=  ^^  n. 

In  the  second  and  third  cases  the  scales  of  the  dispersion  and  purity 
are  variable,  and  are  given  by  (i)  for  the  part  of  the  spectrum  under 
examination  on  substituting  the  corresponding  values  of  ^,  ^',  \p^  \p'  in 
m',  m",  A',  A". 

The  three  forms  of  simple  prism  which  we  have  specially  to  consider 
are : — I.  Half-prism  magnifying ;  11.  Half-prism  diminishing ;  m.  Iso- 
sceles prism. 

L  Half-prism  magnifying. 

1.  Magoifying-power . .  wi  =  —  =  — ?-!(^,  since  (b  and  ^'=0  and  m'  =  u. 

"     "     ^ '  fi       cos  Xj/  '^ 

2.  Dispersion A,=A"=-^tan  i//sEm^3/Lctan^',  since  A=0. 

r 

3.  Purity n,=V*»n^'- 

II.  Half-prism  diminishing. 

Keeping  (p  and  f'  as  the  angles  at  the  perpendicular  face,  which  is  now 
that  of  emergence,  and  taking  m^^,  A,,,  and  n,,  as  the  values  of  the  magoi- 
fying-power, dispersion,  and  purity  in  this  case,  we  have  : — 

1.  Magnifying-power  w,,s=—  «=  — ^j,,  m'  and  m"  being  interchanged. 

wi      cos  u/ 

2.  Dispersion A,,  =  —  A"+A':=^=  l.^tanr//=Jutanf , 

m^  m^  •*'  m^    fi 

since  A'  ssO. 

A, 

3.  Purity  n,,=3  ^  =^,=  in^n,=-^tan  >//s=m^3|itan  t//'. 

in.  Isosceles  prism, 

1.  Magnifying-power  . .  m^,^s=l,  since  ^=ip,  ^'=^/'',  and  m'sssm". 

2.  Dispersion A,,,=A'H-A"c=2  ^^  tan  i/^=2m'  J/i  tan  >//'. 

3.  Purity n,,=A,=2A,. 
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These  results  might  also  have  been  obtained  by  considering  the  prism 
as  made  up  of  two  half-prisms  separated  by  a  thin  plate  of  air.    The  dis* 

persion  of  the  first  half  is  — ^,  and  this  is  magnified  m,  times  bj  the  second, 

which  also  adds  its  own  dispersion  A,,  thus  giving — ^' .  m^+A,=2A,. 

This  win  be  seen  at  once  to  be  equivalent  to  the  algel»tuc  process  em* 
ployed. 
The  above  results  may  be  summed  up  as  follows : — 

1.  The  purity  of  a  half-prism  magnifying  is  equal  to  the  dispersion  of 
a  half-prism  diminishing,  and  is  the  product  of  the  dispersive  power  of 
the  glass  and  the  tangent  of  the  angle  of  the  prism. 

2.  The  dispersion  of  a  half-prism  magnifying  is  equal  to  the  purity  of 
a  half-prism  diminishing,  and  is  m  times  the  purity  of  a  half-prism 
magnifying. 

3.  The  purity  and  dispersion  of  an  isosceles  prism  are  equal,  and  are 
each  twice  the  dispersion  of  a  half-prism  magnifying. 

In  future  when  the  letters  n»,  A,  and  U  are  used  without  suffixes,  they 
must  be  understood  as  denoting  the  magnifying-power,  dispersion,  and 
purity  of  a  half-prism  magnifying. 

Confining  our  attention  for  the  present  to  the  ordinary  form  of  a 
spectroscope  in  which  ^'=  —  ^ip'=xO,  the  most  important  question  to  be 
considered  is  the  irrationality  of  dispersion,  which  in  fact  fixes  the  limit 
to  the  refracting  angle  of  the  prism,  unless  the  spectroscope  is  to  be  used 
only  for  one  part  of  the  spectrum. 

The  formula  for  the  dispersion  is  chiefly  useful  as  giving  the  irra- 
tionality, which  is  seen  to  increase  with  the  dispersion,  but  in  a  more 
rapid  ratio.    In  &ct  if  we  put  A^  and  Ah  for  the  dispersions  correspond- 

ing  to  the  same  small  value  of  -^  for  the  Fraunhofer  lines  A  and  H, 
i  e.  the  values  of  the  scale  of  the  spectrum  at  those  two  points,  we  have 

log  -?  =■  log  tan  ypR—log  tan  )pA=»  ^  ,  (^— >Pa)  approximately 
Aj^  tan  w 

Sin  2^         fA  ^ 

In  practice,  however,  it  will  be  more  convenient  to  express  the  ratio 
in  terms  of  the  magnifying-powers  for  A  and  H ;  thus 

Ah^^^      Vfl 
Aa      Wa  '   Va* 

if  the  prism  be  adjusted  to  minimum  deviation  in  each  case. 

In  the  following  Table  the  angles  of  emergence,  the  dispersion,  and 
the  magnifying-power  are  given  for  a  series  of  half-prisms  of  very  dense 
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flint,  the  refractive  indices  for  A  andH  being  /[i^»  1*700  and  /ih»1*770. 
The  refracting  angle  of  the  half-prism  8)^'.    In  this  case 

^"  26*^''' ^^  m  "^  14  **^  *' 
ffalf-prism  of  Flint, 

Dispersion  and  Magnifying-power.. 


+'. 

+H. 

+A. 

&. 

o 

o    ^   * 

O          1 

O          1 

22 

41  35 

39  36 

1  69 

1-24 

1-20 

24 

46    5 

43  47 

2  18 

1-32 

1-27 

26 

50  50 

48    7 

2  43 

1-42 

1-36 

28 

56    7 

62  62 

3  16 

1-67 

1-46 

30 

62  15 

68  13 

4    2 

1-86 

1-64 

32 

69  44 

64  17 

6  27 

2-46 

1-96 

34 

81  40 

71  48 

9  62 

6-72 

2-66 

34i 

, , 

74  20 

,  , 

3-05 

36 

. , 

77  10 

,  . 

3-69 

35i 

80  46 

,  , 

6-12 

36 

•• 

87  43 

•• 

•• 

20-20 

light  reflected  at  emergence. 


*•• 

Polatiied 

Total. 

in  plane 
of  inddenoe. 

plane. 

o 

30 
32 

34 

34i 
86 
36i 
36 

■ 

percent. 

fH28-5 
A  22-4 

rH39-l 
A  28-9 
H  671 
A  40-5 
A  46-9 
A  52-2 
A  62-6 
A  94-4 

percent. 

0-0 

0-0 

2-6 

0-6 
27-7 

4-8 

8-3 
13-3 
24-8 
71-6 

percent 
14-3 
11-2 
20-8 
14-7 
47-4 
22-7 
27-1 
32-8 
43-7 
83*0 

The  above  numbers  express  the  percentage  of  light  lost  bj  refleziont 
computed  by  FresneFs  formuls  for  H  and  A  respectively. 

These  Tables  will  enable  us  readily  to  compare  prisms  of  different  angles 
in  the  case  of  this  particular  quality  of  glass,  which  has  been  selected  as 
giving  large  dispersion  with  moderate  absorption.  Let  us  take  two 
examples  for  comparison  with  direct-vision  prisms. 
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1.  Isosceles  prism  of  60^. 

A=:8''  4'.       Loss  of  light  for  Hsr25  per  cent.  1 

for  Ass 20  per  cent.  J 
Lrationalitj  of  dispersion 

2a;P^=2m^  III  tan  f =-135  or  T  44'. 

2^ij^B»2»^  V^^  f  s-153  or  df"  46'. 

2.  Isosceles  prism  of  64^. 

2A= 10°  54'.      Loss  of  light  for  H=34  per  cent.  1 

for  A =25  per  cent.  J 
Irrationality  of  dispersion 

2li\,^  =2m^  Ifi  tan  i^'=-174  or    9°  58'. 
2^i;^=2mH5/itaniP'  =  -218  or  12° 30'. 

In  computing  the  loss  of  light  after  passing  through  several  sur&ces, 
the  two  polarized  beams  must  of  course  be  taken  separately  and  after- 
vards  combined. 

The  quantities  given  under  Irrationality  of  Dispersion  represent  what 
would  be  the  length  of  the  spectrum  if  the  scale  were  the  same  through- 
oat  as  at  A  and  H  respectively.  This  is  independent  of  irrationality  in 
the  refractive  index  of  glass  as  referred  to  wave-lengths. 

If  we  had  taken  an  ordinary  flint,  the  above  numbers  would  be  con- 
siderably modified.  Thus  taking  /i^  =1*6200,  and  /ih»  1*6666,  which 
correspond  to  a  moderately  dense  flint,  Fraunhofer's  No.  30,  specific 
gravity  3*7,  we  should  have 

For  a  prism  of  60°, 

1^^=54°  6',  ,//H=66°  25',  dispersion =4°  38'. 

CJOMPOUITD  PbISM. 

Let  /3  be  the  refracting  angle  1    f  of  the  prism  of  crown  glass  which  is 

/i'  the  refractive  index     J   1  cemented  to  the  half-prism  of  flint, 

X,  X  the  angles  of  emergence  and  refraction  at  the  outer  sur&ce 

of  the  crown, 

the  other  angles  being  denoted  as  before,  though  the  relation  between 

^  and  if/'  will  now  be 

y!  sin  4^=/!  sin  >//'. 

Two  cases  here  present  themselves  according  as  j3  is  greater  or  less  than  yff. 
The  former  gives  the  direct-:vision  prism,  and  the  latter  the  compound 
prism  commonly  used  in  large  spectroscopes. 

In  the  first  case  we  have  ^+y^Tsfi^  ia  the  second  if^— x  »/} ;  but  this 
can  be  reduced  to  the  first  case  by  considering  x'  fts  negative.  In  con- 
formity with  this  we  shall  consider  the  angles  of  refraction  as  positive 
when  they  &U  on  the  side  of  the  normal  towards  the  edge  of  the  prism 
(whether  flint  or  crown)  in  which  the  refraction  takes  place,  and  the 
angles  of  incidence  or  emergence  as  positive  when  they  fall  on  the  side 
from  the  edge- 
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Thus  the  two  forms  of  compound  prism  may  be  considered  together ; 
but  there  is  this  important  distinction,  that  the  refraction  at  the  outer 
surface  of  the  crown  corrects  irrationality  of  dispersion  in  the  direct- 
vision  prism,  since  the  angle  of  refraction  is  greater  for  the  red  rays, 
whilst  in  the  ordinary  compound  prism  the  irrationality  is  greatly 
increased.  At  the  same  time  the  refraction  at  the  outer  surface  of  the 
crown  slightly  decreases  the  dispersion  for  the  whole  spectrum  in  the 
direct- vision  prism,  and  slightly  increases  it  in  the  other  form ;  but  this 
effect  is  produced  in  the  latter  case  by  spreading  out  the  violet  rays,  and 
in  the  former  by  bringing  them  closer  together,  the  dispersion  for  the  red 
rays  being  about  the  same  for  the  same  angles  of  refraction  in  the  two 
forms,  as  will  be  s^en  more  clearly  when  an  actual  case  is  taken.  Thus 
the  apparent  superiority  of  the  ordinary  compound  prism  turns  out  to  be 
illusory,  being  gained  by  inequality  in  the  scale ;  and  this  is  aggravated 
by  corresponding  loss  of  light  for  the  violet  rays,  as  the  deviation  at  hoih 
refractions  is  greater  than  for  the  red  rays.  On  the  other  hand,  both  the 
scale  and  the  loss  of  light  are  equalized  throughout  the  spectrum  in  a 
properly  constructed  direct-vision  prism,  which  is  therefore,  indepen- 
dently of  its  practical  convenience,  the  best  form  of  compound  prism  for 
general  use. 

Compound  Prism. — We  have  here 

sin^ss/Asin^';    /i' 8ini^=/i sin ^p' ;    sin x^fi'  sin \  ; 

f  +  f  =  a;    iP+x'-=j3;    D=0-x-«+/3; 
the  deviation  D  being  considered  positive  when  the  pencil  is  bent  from 
the  refracting  edge  of  the  flint  prism. 

1.  Magnifying-power,    fi,  fi  being  constant, 

m=?X«¥  2^'  ^    bL   ?X«cot0^_^^cot4/^_j^cotx; 

^   8^  '  Btf' '  ^' '  ^  '  Ix   cot  0'       cot  ;p       cot  X 
^  cos^  cos  yj/'   cosx'  i^'ni"m'" 
cos  <i>' '  cos  \j/  *  cos  X    ^' 
where 

,       COt0'             CO8  0'          n       C0t\l/'         a  COS;//'         ,„      COtv'          ,C0S  v' 
m  s= 1_  ^  fi  -X. ;    m    as 1-  a=  i_  J-  ;  m     ^ ^  :=  U ^  , 

cot  0  COS  0  cot  If^  /i  COS  \p  cot  X  COS  X 

2.  Dispersion. — Taking  logarithms  and  differentiating,  /jl  and  /*'  being 
now  variable, 

J^=  ^  tan^+  S£*i'j^';  irl,=(k-  ¥.)  tan  ^+  ^2^'.  Jf ; 
ft         '^cot^'^  \/^       f^  /  COtlf^ 

8x=?iitanx+— '^x'. 
^     fi'  cotx    ^ 

or 

S0=A'+wV;  H=A"+»""¥5  Jx=^"'+^"V; 

where 

A'=^tan^,  A"=r^-^4VaD>^,  A'"*¥tanx, 
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A\  A",  A'"  being  the  dispersion  at  the  first,  second,  uid  third  surfaces 
respectivelv ;  also 

Tgl^Tirifn^^^Tig  2^'  and  ^\ 

and  eliminating  Syj/  and  ^x^  we  hare 

m'W"a^-WSx=WW"A'+mW"A"-m'A"', 
i^lii  the  three  further  relations, 

3^-W5^'  «A', 

3.  i\»%.— Putting  n',  n",  n'"  for  the  purity  of  the  first,  second,  and 
third  surfaces  respectively, 

At  All  Atn 

m  fn  m 

and  we  hare 

n'«?iitanf,     n^^f^-^'^jtanf,      n'"  =  ^'tanx', 

m"m'"5^-m'2x=mWW"(n' +n")-mW"n'". 
Taking  the  three  cases  as  before,  we  have : — 
L  a^O, .-.  A-mA'+m'"A"-A'"-=m'W"(n'  +  n")-m'"n'" 


^m'W"  j^  tanf  +  ^-  ^'  tan  f  1  -m'"*4  tanv'; 
I  /*        ^        /*      M  J  A* 

n-mYn'+n"-~i.\ 

iL  J^'=-Jf=:0and5iP«-.Sx=0, 

.•.3^aA'-m'n',  S,p=A"-m"n",  ax=*A"'=m"'n'", 
and  aD=  A'  -  A  "  =ni'n'  — w"'n"'. 

iiL  SDbO,  .-.  ^bSx'^^^^^^^^"^^^  whidi  prism  is  tumede^. 
Then 

^     wA'+m'"A"-A"'         A    _     «*    „ 
wi— 1  ?n— 1      w— 1 

Taking  the  three  forms  of  compound  prism,  we  have : — 

L  Half-prism  magnifying. 

1     -kjr        •£_-•  m'W"      C08\I^'    cosv' 

1.  Magnifymg-power  m.es as  — r  .  — ^. 

^      "^     °  *^  '  fl  COS)//     cosx 

2.  Dispersion  ..  ..A,=m'''A''-A'''=w,M(^-^'Wi/.'-.^lan  x'. 

3.  Purity n==/ifn"-5!^W^ 

\  m  J     m^ 

TOL.  xxn.  o 
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II.  Half-^pr%9m  diminishitig, 

1 .  Magnifying-power . .  w^  ^  =  — . 

2.  Dispersion A^,5=  — '. 

3.  Purity    ll,,=m^II,=A,. 

ni.  Isosceles  prism, 

1.  Magnifying-power . .  m,,^  ==  1 . 

2.  Dispersion A,,,=2A,. 

3.  Purity n,,,=2A,. 

In  order  to  fix  the  ideas,  let  us  take  the  same  flint,  as  in  the  case  of  the 
simple  prism,  and  for  the  crown  glass  fi^  s  1*510,  fi^ss  1*530.    Then 

.-.  A=  -^  |7nitan\^'-2tanxj. 

The  first  term  increases  with  if>',  or  the  angle  of  the  half-prism  of  flint, 

which  should  therefore  he  as  large  as  practicable,  consistently  with  good 

definition  and  moderate  loss  of  light :  it  also  increases  with  m ;  but  in  that 

case  the  second  term  increases  too  in  so  far  as  m  depends  on  \.     It  will 

therefore  be  desirable  to  find  the  rate  of  variation  of  m  with  x*  supposing 

^  and  xj/'  to  remain  constant.    Since 

cos  y'    cos  }L' 

m^ * r, 

cosx     cos  iff 

we  hare,  taking  logarithms  of  both  sides  and  differentiating, 
whence,  since 


— =tanx^X-*ai^x'^X; 
m 


^         1         I  ^  t       J  tan  y'       1  cos  y 

cos  y  dv=a  COS  y  lyt ,  and   ^  =  —r *. , 

^  ^    ^        ^    ^'  tanx       /«  C08X 

s=m  tan  x .    ,f  ~i  *    .  ^Xt 
*  /i"-sin'x 
which  increases  rapidly  with  Xs  and 

'^      cos*X 
Taking  as  an  example  x=^^^  ^^^  ms3,  we  have 

hn=2  y 3  .  ^=4'3Jx  ^^'^  ^  •  ^^  X==^^X' 
The  following  Tables  are  arranged  in  the  same  form  as  those  for  the 
simple  prism,  taking 

a.  =1-700,  a\  =  1-510,  and  therefore  tl^  =1-130, 


aB=l-770,    a'H=l-530,  /f==:l.l60. 

4  U  . 

Digitized  by  VjOOQ  IC 


1877.]  Magnifying-power  of  the  Half -prism. 

Crown,  Diflpersion  and  Magnifying-power. 


19 


x'- 

Xh. 

Xa. 

"•i"'_<»«X' 
I*'*       «*Xa' 

o 

0 

6    6 

§     b 

1-000 

1-000 

4 

6    8 

6    3 

1-003 

1003 

10 

15  26 

15  14 

1022 

1-021 

14 

21  44 

21  26 

1-044 

1036 

18 

28  13 

27  49 

1080 

1-076 

22 

35     1 

34  29 

1-132 

1-125 

26 

42    9 

41  25 

1-210 

1-199 

28 

.  45  56 

45    9 

1-270 

1-253 

30 

49  54 

49    2 

1-346 

1-320 

31 

52    0 

51    3 

1-393 

1-364 

32 

54  11 

53    8 

1-450 

1-413 

33 

56  26 

65  20 

1-518 

1-474 

34 

68  47 

57  35 

1-600 

1-547 

35 

61  21 

60    0 

1-708 

1-638 

36 

64    2 

62  33 

1-847 

1-756 

37 

67    2 

66  21 

2-047 

1-915 

38 

70  18 

68  21 

2-338 

2136 

39 

74  20 

71  51 

2-880 

2-495 

40 

79  32 

76    9 

4-210 

3-210 

41 

•• 

82    7 

•• 

5-510 

Light  Beflected. 


x"- 

PolariMd 

Total. 

in  plane 
of  inadenoe. 

in  perpendicular 
plane. 

,8 

18 
26 
30 

34 

36 

38 

39 

40 
41 

percent. 

4-6 

5-1 

6-3 

9-4 

12-3 

fH17-6 

A  160 

'H22-7 

A  20-5 

H31-6 

A  27-7 

rH40-7 

A  33-6 

'  H  53-4 

A  43-2 

A  61-7 

percent. 

4-6 

4-2 

3-2 

1-4 

0-6 

0-0 

0-0 

0-9 

0-6 

4-4 

3-0 

9-4 

60 
21-7 
12-8 
32-6 

percent. 

4-6 

4-7 

4-8 

5-4 

6-4 

8-S 

8-0 
11-8 
10-6 
18-0 
15-4 
251 
19-8 
37-6 
28-0 
47-2 
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The  dispersion  is  simply  the  di£Eerence  betrv'een  corresponding  quan- 
tities in  the  two  columns  xh  and  xa- 

The  magnifying-power  (given  in  the  last  two  columns  for  H  and  A)  in 
this  and  following  Tables  is  to  be  understood  as  that  of  a  half-prism 
haying  X'  (or  ^')  for  its  refracting  angle. 

Ftint  to  Crown, 

Dispersion  and  Magnifying-power. 


+'. 

+H. 

+A. 

*H-*A. 

M                  00.+A 

4l 

65    6 

53    2 

§    i 

1-24 

1-18 

47 

68     1 

65  44 

2  17 

1-29 

1-21 

■    49 

61     6 

58  31 

2  36 

1-36 

1-26 

61 

64  21 

61  26 

2  66 

1-45 

1-32 

63 

67  62 

64  29 

3  23 

1-60 

1-39 

66 

71  60 

67  46 

4    4 

1-84 

1-62 

66 

74    6 

69  32 

433 

204 

1-60 

67 

76  35 

71  23 

5  12 

2-35 

1-71 

57* 

78    3 

72  22 

5  41 

2-60 

1-77 

68 

79  88 

73  24 

6  14 

2-95 

1-86 

68J 

81  30 

74  28 

7     2 

3-53 

1-95 

69 

83  63 

75  37 

8  16 

4-82 

207 

69i 

88  10 

76  49 

11  21 

15-86 

2-23 

Light  Seflected. 


*'. 

PoIsrUed 

Total. 

in^lane 
of  incidence. 

in  perpendicular 
ptane. 

45- 
49 

63 
65 
66 
67 

58 
59 
59i 

• 

percent 
8-2 
6-0 

fH    8-9 
A    5-0 
H131 
A    6-9 

f  H  16-4 
A    8-3 
H21-4 
A  10-0 
H29-9 
A  12-5 
H48-6 
A  161 
H  80-4 

[  A  18-6 

percent. 

0-1 

0-6 

2-6 

11 

5-1 

21 

7-6 

30 
11-5 

41 
18-9 

5-9 
37-5 

8-6 
74-6 
10-7 

per  cent 

1-6 

2-8 

5-7 

31 

91 

4-5 
12-0 

5-7 
16-5 

7-1 
24-4 

9-2 
431 
12-4 
74-5 
14-7 

For  the  purpose  of  comparing  the  direct-vision  and  ordinary  compound 
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SI 


pnm,  wemaj  take  as  a  particnlar  caseasSO^,  and /3»  106°  32' for  the 
iint,  and  37^  38'  for  the  second,  so  that  the  extreme  angle  of  incddence 
or  emergence  at  the  crown  wiH  be  the  same  in  both  forms,  tIz.  65^  21'. 
We  thns  hare 


Direet'Vigion  ffalf-prism. 


a=56    0 

X^=65  21 

X5-66  11 

Dispersion =10  10 

Deviition 

£orA=-14  49, 
forHs:-  4  39, 


li^loS  82 


am, 

X^=62  66 

Xh-66  21 

Dispersionssl2  25 


Compound  Hdlf-prigm, 
?    d       ^-37  8^ 


for  A^ +34  34, 
forH=+46  69, 

tiie  demtion  being  considered  positiye  when  it  is  in  the  same  direction 
as  that  of  the  flint  prism. 
Hagnifying-power. 

f»^e:307  mAai2'26 

fnH=3*04  mB»3*96 

Inatioiiality  of  Dispersion. 


=  -•183  or -10° 26' 
=  -•191  or -10°  67' 


=  -•17301 -9°  56' 

^XH=-lB0(*^'^+'-'> 
=  -•303  or -17°  22'. 


Light 

lost  by  Beflexion. 

Polarised 

Total 

1 

Polarised 

TotaL 

ofinoi- 
denoe. 

inperpen- 
plane. 

in  plane 

ofmcid- 

enoe. 

in  perpen- 
dicular 
plane. 

ForA 
ForH 

percent 
36-5 

34-7 

percent. 
11-3 

16-3 

per  oent. 
23-9 

250 

percent. 
27-1 

44-1 

percent. 
10-4 

16-6 

percent. 
18-8 

29-9 

The  advantage  of  the  direct-vision  prism  is  thus  clearly  shown,  whether 
as  compared  with  a  compound  prism  of  the  other  fcHin,  or  with  two 
simple  prisms  of  the  same  kind  of  flint  and  giving  the  same  dispersion. 

In  bet  the  direct-vision  half-prism  here  considered  gives  nearly  the 
same  dispersion  as  a  simple  prism  of  64^,  with  less  loss  of  light  and 
vitiiOQt  the  great  irrationality  which  makes  the  dispersion  in  the  other 
(S86  merely  illusory. 

It  is  to  be  remarked  that  there  still  remains  the  irrationality  in  the 
vsristion  of  the  retraqtive  index  for  glass,  which  may,  however,  be  par- 
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tiallj  corrected  in  the  direct-yision  prism  by  increasing  the  angle  of  i^ 
crown.  The  prism  would,  however,  no  longer  be  direct-vision,  even  for 
the  ultra-violet,  the  deviation  being  negative  and  considerable  in  amount 
for  the  visible  rays. 

So  far  the  case  has  been  considered  in  which  the  pencils  for  different 
parts  of  the  spectrum  all  pass  in  the  same  direction  through  the  prism 
(parallel  to  the  base),  and  the  collimator  and  telescope  are  moved ;  but  it 
is  also  possible  to  keep  the  collimator  and  telescope  fixed  and  to  turn  the 
prism  merely.  In  the  former  plan,  which  is  that  usually  adopted,  the 
limit  to  the  angle  of  the  prism  is  fixed  by  the  condition  that  the  angle  of 
incidence  or  emergence  for  the  violet  at  the  oblique  face  must  not  be  too 
large,  or,  in  other  words,  that  the  angle  of  refraction  must  not  be  very 
near  the  critical  angle  for  the  violet,  which  is  smaller  than  that  for  the 
red ;  and  consequently  great  dispersion  is  accompanied  with  correspond* 
ing  irrationality,  except  in  the  case  of  the  direct-vision  prism.  If,  how- 
ever, the  deviation  be  kept  the  same  for  all  parts  of  the  spectrum — which 
can  be  done  by  turning  the  prism  (provided  it  be  not  isosceles) — this 
objection  is  got  rid  of,  and  at  the  same  time  the  construction  of  the 
spectroscope  is  made  much  more  simple.  The  refracting  angle  of  a  half- 
prism,  whether  simple  or  compound,  can  thus  be  increased,  so  as  to  give 
the  most  suitable  dispersive  power  for  the  middle  of  the  dispersion  spec- 
trum (about  F)  when  the  pencil  is  incident  perpendicularly  on  the  first 
&ce.  By  turning  the  prism  successively  in  one  direction  or  the  other, 
so  as  to  increase  the  angle  of  refraction  for  the  red  or  diminish  it  for  the 
violet,  the  different  parts  of  the  spectrum  can  be  made  to  emerge  suc- 
cessively in  the  same  direction,  and  the  dispersive  and  magnifying-powers, 
as  well  as  the  loss  of  light,  will  be  sensibly  constant  throughout  the  spec- 
trum, the  dispersion  at  the  first  face  being  extremely  small.  Of  course, 
if  the  whole  spectrum  be  included  in  the  field  of  view  there  will  be  the 
usual  inequali^  of  scale ;  but  such  an  extent  of  field  can  only  be  used 
for  viewing  a  spectrum  with  small  dispersion ;  and  for  purposes  of  mea- 
surement, the  part  examined  must  be  brought  to  the  middle  of  the  field. 
It  may  be  remarked  that  the  dispersion  may  be  reduced  to  about  one  half 
by  turning  the  half-prism  till  the  angles  of  incidence  and  emergence 
become  equal,  when  it  acts  as  an  isosceles  prism  at  minimum  deviaticm. 
This  property  is  useful  for  the  examination  of  &int  objects,  the  decrease 
in  dispersion  being  further  accompanied  by  an  increase  in  the  transmitted 
light.  The  spectrum,  however,  would  in  this  case  be  thrown  some  3° 
out  of  the  centre  of  the  field,  and  a  motion  either  of  the  viewing-tele* 
scope  or  of  the  eyepiece  would  be  necessary. 

Li  fig.  3  is  shown  the  course  of  a  pencil  of  red  rays  (full  lines)  and  of 
violet  rays  (dotted  lines)  within  a  direct- vision  half -prism  as  it  is  turned 
about  a  centre  in  the  manner  just  described.  The  rays,  whether  red  or 
violet,  emerge  parallel  to  their  original  direction,  the  diagram  represent- 
ing the  course  relative  to  the  prism  as  it  is  turned. 
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Taking  the  case  of  a  single  halt-prism  with  fixed  collimator  and  spec- 
troscope, we  may  increase  the  refracting  angle  (or  the  angle  of  refraction 
ixx  mean  rays),  and  thus  obtain  much  larger  dispersion.  In  comparing 
tbe  three  forms  of  prism  (simple,  direct^vision,  and  ordinary  compound^ 
the  irrationality  was  the  most  important  consideration ;  but  this  does  not 
here  enter  into  the  question.  The  direct-vision  prism,  however,  has  still 
the  advantage,  as  compared  with  the  compound  prism,  of  giving  a  more 
oonvenient  form  of  spectroscope,  whilst,  as  we  can  now  use  very  deep 
angles  for  the  flint,  the  dispersion  at  the  exterior  surface  of  the  crown 
hardly  affects  the  resulting  dispersion. 

Afl  compared  with  a  simple  half-prism  of  flint,  there  is  the  advantage 
of  being  able  to  make  ^'  (or  the  angle  of  the  flint)  nearly  twice  as  large, 
with  a  corresponding  increase  in  the  purity ;  for  it  will  be  remarked  that 
although  the  magnifying-power  and  dispersion  may  be  increased  almost 
indefinitely,  there  is  a  limit  to  the  purity  given  by  making  ifr'sthe  critical 
angle ;  and  consequently  there  will  be  great  advantage  in  a  combination 
of  flint  and  crown  surfaces  which  increases  the  critical  angle  without 
materially  diminishing  the  dispersive  power. 

In  illustration  of  this  the  following  Table  may  be  interesting.  It  is 
calculated  for  a  specimen  of  very  dense  flint  glass  (spec.  grav.  5*0)  of 
remarkable  purity,  which  Mr.  Hilger  has  procured,  and  with  which  he 
has  made  to  my  instructions  several  experimental  direct-vision  half- 
prisms.  The  refractive  indices  of  this  glass  for  A  and  H  are  ^^  =  1*7595 
and /iH  =1-8411. 


+'=«. 

*A. 

D"«— D'". 

X\- 

^A' 

P- 

m. 

n. 

A. 

5l 

7837 

1-77 

1837 

2?  25 

4l  '2 

9§  2 

219 

I43' 

l8-3 

55 

72  47 

1-94 

17  47 

28  41 

46  28 

101  28 

2-43 

4  49 

11-7 

56 

75  10 

219 

19  10 

30  8 

49  18 

105  18 

2-89 

4  65 

14-2 

56i 

76  29 

2-36 

19  59 

30  57 

50  56 

107  26 

3-21 

5  1 

16-1 

57 

77  65 

2-61 

20  55 

31  49 

52  44 

109  44 

3-78 

6  7 

19-3 

57J 

79  33 

2-97 

22  3 

32  46 

54  49 

112  19 

4-56 

5  14 

23-8 

68 

81  27 

3*66 

23  27 

33  53 

57  20 

115  20 

5-50 

6  20 

29-4 

58i 

83  49 

4-84 

25  19 

35  13 

60  32 

119  2 

8-35 

6  26 

46-6 

69 

88  0 

14-76 

29  0 

37  20 

66  20 

125  20 

29-20 

6  32 

162-6 
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This  Table  giyes  the  angles  of  re&aotion  aai  exneigenee  moA  Ithe 
deviations  at  the  two  rafraotions  (D'\  iD'"),aDd  also  the  magnifyiiig-pewer, 
purity,  and  dlspersiosi  for  ^mdo^B  dirednviaiau  half-{kri8iQfl,  m  boi^  iha 
angle  of  the  flint  and  j3  the  azvgle  of  the  eKnm. 

The  light  lost  bj  reflexion  at  iibe  jseixhfiass^hfm  fiintt  to  'CtiywiLis  as 
follows : — 

Li^t  lost  bj  Beflexioii. 


*•-.. 

fobOMed 

Xq<«L 

inphme 
of  iuoidviioe. 

in  perMndiouIiir 
pume. 

54 

56 

56J 

67 

57i 

68 

68* 

69 

per  cent. 
12-1 
191 
22-0   - 
25-4 
30-4 
37-7 
49-2 
791 

per  cent. 
4-2 
0-2 
11-5 
14-6 
18-9 
25-7 
37-6 
72-9 

peromt 
8-2 
14-2 
16-8 
20-0 
24-7 
31-7 
43-4 
76-0 

As  the  amount  of  light  lost  in  different  combinations  of  prisms  requires 
careful  consideration,  I  have  by  the  help  of  the  preceding  Tables  calcu- 
lated the  loss  in  passing  through  trains  of  half-prisms^  having  respec- 
tively angles  of  67°  for  the  flint,  with  110®  for  the  crown,  and  58^®  for 
the  flint,  with  120°  for  the  crown.  These  particular  forms  of  half-prism 
(which  I  will  call  A  and  B)  have  been  used  in  two  experimental  spectro- 
scopes to  be  described  shortly,  and  I  have  therefore  selected  them  as 
examples. 

Light  lost  by  Beflexion. 


Polarized. 

Total 

Bitpenion. 

in  plane 
of  incidence. 

in  perpen- 
dicular 
plane. 

One  half-prism  A  . . 
Two  haK-prisms  A  . 
Three       „      „     .. 
Four        „       „     .. 

percent 
40-9 
651 
79-4 
87-8 

percent. 
21-2 
37-9 
51-1 
61-4 

percent. 
31-0 
61-6 
65-2 
74-6 

19-3 

73-0 

276-0 

1043-0 

One  half -prism  B  . . 
Two  half-prisms  B  . 

61-7 
86-3 

42-5 
66-9 

621 
76-1 

46-5 
380-0 

It  will  be  seen  that  for  equal  dispersion  the  loss  of  light  is  slightly 
greater  for  a  train  of  half-prisms  B ;  but  this  is  fully  compensated  for  by 
the  diminished  absorption,  as  fewer  prisms  will  be  required. 
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In  oonsidermg  the  most  adyantageona  oombinataon  of  prisms  in  a  speo- 
trosoope,  it  will  be  necessary  to  bear  in  mind  the  different  purposes  for 
which  the  instrument  is  used.  The  requirements  in  a  spectroscope  maj 
thns  be  divided  into  the  following  heads : — 

(1)  Wide  separation  of  the  Hues,  with  little  loss  of  light  and  moderate 
purity  in  the  spectrum. 

(2)  Great  purity  in  the  spectrum. 

(8)  Wi^  separation  of  the  lines  accompanied  by  considerable  purity. 

In  (2)  and  (3)  loss  of  light  is  of  secondflvy  imp<»tance.  For  measuring 
the  displacement  of  lines  in  the  spectra  of  stars  and  work  of  a  similar 
character  (1)  must  be  specially  considered ;  and  here  the  width  of  the  slit 
is  determined  by  the  size  of  the  star's  image  rather  than  by  the  angle 
subtended  at  the  object-glass  of  the  collimator.  With  prisms  of  fair  size 
sufficient  purity  will  usually  be  obtained  for  measurement  of  the  strong 
lines  without  limiting  the  slit  further ;  the  most  important  point  is  large 
aperture  in  the  equatoreal,  as  the  amount  of  light  collected  varies  with 
the  aperture.  This  will  readily  be  seen  by  considering  that  the  angle 
subtended  by  the  diffraction  image  of  a  star  at  the  optical  centre  of  the 
object-glass  (or  mirror)  varies  inversely  as  the  aperture ;  hence  for  prisms 
of  a  given  size  the  purity  of  the  spectirum  will  be  the  same  for  all  aper- 
tures, if  the  focal  length  of  the  collimator  correspond. 

For  a  bright-line  spectrum,  such  as  that  of  the  solar  prominences,  which 
is  seen  projected  on  the  continuous  spectrum  of  the  sky  and  of  which  the 
visibility  depends  on  the  contrast  with  the  background  and  not  on  the 
absolute  brightness,  (2)  is  of  the  greatest  importance;  whilst  special 
attention  must  be  paid  to  (3)  in  the  case  of  the  sun. 

We  may  compare  three  arrangements  of  prisms : — (1)  Half-prisms  mag- 
nifying ;  (2)  Half-prisms  diminishing ;  (3)  Whole  prisms ;  but  in  doing 
this  we  must  take  account  of  the  width  of  the  slit  and  the  breadth  of  the 
pencil  as  determining  the  purity  of  the  spectrum  and  its  brightness.  At  the 
same  time,  as  the  size  of  the  prisms  practically  fixes  the  limit  to  the  power 
of  the  spectroscope,  the  quantity  of  glass  used  in  the  different  cases  should 
also  be  borne  in  mind.  This  latter  consideration  is  important,  because  in 
a  train  of  half-prisms  magnifying  the  breadth  of  the  pencil  is  diminished 
in  tiie  ratio  1 :  m  with  each  half-prism  (the  height  remaining  unaltered), 
and  the  reverse  takes  place  with  a  train  of  half-prisms  diminishing.  Thus 
in  both  cases  the  half-prisms  may  be  made  narrower  and  narrower  in 
geometrical  progression,  starting  with  that  end  which  begins  with  a  per- 
pendicular &ce.  The  difference  between  the  two  cases  is,  that  in  the  first 
case  the  train  (counting  from  the  slit)  begins  with  the  broadest  prism,  and  in 
the  second  case  with  the  narrowest,  so  that  with  the  latter  arrangement 
we  have  a  narrower  pencil  and  consequently  less  light.  In  the  case  of  a 
train  of  whole  prisms  the  pencil  is  narrower  than  for  the  half-prisms 
magnifying,  in  the  ratio  of  1  :  m.  The  thickness  of  the  glass  through 
which  the  rays  pass  is  another  important  consideration ;  and  from  this 
point  of  view  the  half-prism  trwn  has  a  great  advantage.     The  breadth 
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of  the  spectram,  as  compared  with  the  height  of  the  slit,  should  also  be 
taken  into  account,  for  this  affects  the  brightness  directly.  Hitherto 
advantage  has  not  been  taken  of  the  circumstance  that  the  height  of 
the  slit  is  practically  unlimited  (except  in  the  case  of  stars),  and  that 
therefore  it  is  unnecessary  to  magnify  the  spectrum  in  this  direction. 
Thus  the  advantage  of  the  train  of  **  half-prisms  magnifying"  is  obvious, 
since  the  breadth  of  the  spectrum  is  left  unaltered.  In  spectroscopes  as 
ordinarily  constructed,  the  breadth  of  the  spectrum  is  magnified  at  the 
same  time  as  the  separation  of  the  lines,  and  thus  a  high  magnifying- 
power  is  accompanied  by  a  great  decrease  in  the  brighhiess,  the  latter 
varying  inversely  as  the  square  of  the  power.  By  using  a  cylindrical 
eyepiece,  however,  this  objection  may  be  removed ;  and  there  would  appear 
to  be  no  practical  difficulty  in  this  plan,  since  little  or  no  enlargement 
of  the  breadth  of  the  spectrum  is  required.  For  bright-line  spectra 
generally  a  Bamsden  eyepiece  with  cylindrical  lenses  would  answer  the 
purpose  well,  the  height  of  the  slit  being  sufficient  to  give  a  convenient 
breadth  to  the  spectrum  without  any  amplification  in  this  direction ;  but 
for  viewing  the  solar  prominences  the  magnifying-power  should  be  the 
same  in  both  directions ;  and  thus  with  the  train  of  "  half -prisms  dimi- 
nishing," which,  as  will  be  seen,  gives  great  purity  in  the  spectrum  with 
a  corresponding  decrease  in  the  breadth  of  the  image  of  the  slit,  the 
magnifying-power  of  the  eyepiece  must  be  high  in  the  direction  o£ 
the  breadth  of  the  slit,  and  low  in  the  perpendicular  direction.  An  eye- 
piece formed  with  a  cylindrical  concave  or  Barlow  lens  (within  the  prin- 
cipal focus  of  the  viewing-telescope)  and  an  ordinary  convex  field-lens 
in  combination  with  a  convex  cylindrical  eye-lens,  would  produce  this 
effect,  the  axes  of  both  cylindrical  lenses  being  parallel  to  the  slit. 

The  effect  of  such  an  eyepiece  may  easily  be  investigated. 

Let /p/^  be  the  focal  lengths  of  the  concave  and  convex  cylindrical 
lenses,/  the  focal  length  of  the  convex  field-lens,  and  E  the  focal  length 
of  the  viewing-telescope ;  then,  if  M,  M'  be  the  magnifying-powers  parallel 
and  perpendicular  to  the  slit, 

f 

For  the  rays  in  the  perpendicular  plane,  suppose  the  concave  cylindri- 
cal lens  to  form  an  enlarged  image  on  the  field-lens,  which  will  therefore 
produce  no  effect,  this  image  being  at  the  principal  focus  of  the  cylin- 
drical eye-lens. 

Then  if  v  be  the  distance  from  the  concave  lens  of  the  focus  after  re- 
fraction, and  m'  the  enlargement  of  the  image,  /  and  v  are  both  negative, 
and 

V— /  m — 1  m — 1 
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and 

If  we  make/,=  — /,  so  as  to  equalize  the  two  cylindrical  lenses,  we 
hare  M*-  -(m'-iy  .  ^.     Thus  if 

M'-  9^  «.'-4,  and /.=  -/,-*/; 

M'=25^,   «'=6,  and /.-  -/.-  fgf. 

Taking  1  inch  as  the  equivalent  focal  length  of  an  ordinary  eyepiece, 
we  should  get  in  the  perpendicular  direction  magnifying-powers  9  and  25 
tunes  as  great  with  cylindrical  lenses  of  ^  and  ^  inch  respeddyely. 
There  would  probably  be  no  diffictdty  in  applying  such  lenses. 

We  shall  see,  however,  that  one  or  more  small  half-prisms  placed  be- 
tween the  eye-lens  and  the  eye  would  answer  the  same  purpose,  with  the 
advantage  of  increasing  the  dispersion ;  and  this  arrangement  appears  to  be 
decidedly  superior  to  a  cylindrical^eyepiece. 

We  may  now  find  expressions  for  the  angular  breadth  of  the  lines,  the 
dispersion  and  the  purity  of  the  spectrum  in  the  different  cases,  as  well  as 
the  quantity  of  glass  used  for  the  train  of  prisms  and  its  total  thickness. 

Let  pa  number  of  whole  prisms, 

nas  number  of  half-prisms, 
ma  magnifying-power  of  each. 
2Asi  dispersion  of  each  whole  prism. 
Qa  quantity  of  glass  in  the  smallest  half-prism 

of  the  train. 
<a  thickness  of  glass  in  the  smallest  half-piism 
of  the  train. 
6p  &,,  and  6,  at  breadth  of  slit  in  the  three  cases. 

1— cas  coefficient  of  absorption  per  unit  of  thickness. 
1— Xtj  and  1  —  ^,=proportion  lost  by  reflexion  in  passing  through 
one  half -prism  of  the  light  polarized  in  and 
perpendicular  to  plane  of  incidence. 
1— A:^  and  1— i(r,=  similar  quantities  for  a  whole  prism. 

1.  Half-jpritm  rna^ifying. 

By  what  precedes  it  will  be  clear  that  each  half -prism  in  the  train 
will  magnify  the  angular  separation  of  two  pencils  falling  on  it,  whether 
coming  from  the  two  edges  of  the  slit,  or  corresponding  to  two  lines  in 
the  spectrum  (such  as  the  two  D  lines).  Thus  the  broths  of  the  two 
D  lines  will  be  magnified  in  the  same  ratio  as  their  separation,  due  to  the 
dispersion  of  the  preceding  prisms,  and  to  this  will  be  added  the  disper- 
sion proper  (as  distinct  from  the  magnifying-power)  of  the  half -prism 
itself. 
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Thus,  there  being  n  half-prisms  in  the  train, 
Breadth  of  spectrum-lines     . .   ^m" .  \. 
Dispersion =(w"-'+m'-'+.  •  +wHw+l)A 

= =-.  A 

m— 1 

Punty  of  spectrum    ='^;;^in: 'm-'S;' 

Quantity  of  glass =(m«<-i>  -hm>(-»>  + . .  +m*+m»+l)Q 

m*  — 1 
Thickness  of  glass r=(m— *-|-»*"^+  . .  +wi'+w+l)< 

^m  —1*  * 

Total  brightness  of  spectrum..  =5^ .  i(^i"+A;3*)c 

2.  Half -prisms  diminishing. 
Breadth  of  spectrum-lines    . .   =-- .  6^. 

m--l     1     . 

= .  —.A. 

w  —  1    *»* 

Punty  of  spectrum   »  — _ .  _.. 

Quantity  and  thickness  of  glass  the  same  as  for  "  half-prisms  magni- 
fying." 

Total  brightness  of  spectrum..  =  -^ .  J(A^-hA:S)c"*  -'   . 

3.  Whole  jprisms. 

Breadth  of  spectrum-lines    . .   =63. 
Dispersion =  2^ .  A. 

Purity  of  spectrum    =  2p  .  — . 

Quantity  of  glass =  2p  .  t»*<'-^> .  Q. 

Thickness =  2p .  m—^  t. 

Total  brightness  of  spectrum..  =-3 .  i(Ar/  -f-  Jc/)c  '*' 


.••-^ 


9?i 


it,  and  Jta  are  nearly  equal  to  h^^  and  Ar,*  respectively. 

4.  -4  <raw  0/  n  half -prisms  magnifying  followed  by  a  train  of  n  TuHf- 
prisms  diminishing. 
Breadth  of  spectrum  lines    . .   =1. 
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Dispersioiispiiritj    =s(w»-'+m'^+..+fn+l).A.— 

m  -1   m" 

Total  brightaiess  of  speciaTiin^  *^\ . i(it,*»+ib,**)c  «  -a-  . 

5.  -4  trenn  ofn  Tudf-prigms  diminishing  foTlowed  hy  a  train  ofn  half-- 
prisms  magnifying. 

Breadth  of  spectrum-fineB    ..   al 

Dispersioiirspiiritj    s=/^-J^+JL+ ..+i+l'W"A 

+(m'^»  +  ..+w+l)A 

m  —1 

Total  brightness  of  spectrum..  =-^  -1  (^i*'H-^,*'K'*  -^ 

III" 

The  second  train  of  half-prisms  in  (4)  and  (5)  may  be  placed  between 
the  eje-lens  and  the  eye,  and  will  then  conveniently  replace  the  cylin- 
dric^  magnifier.  The  prisms  may  in  that  case  be  very  small;  their 
dispersion,  howeyer,  will  not  be  magnified  by  Ihe  eyepiece,  and  they  will 
Ihcorefore  add  but  little  to  the  dispersion  or  purity. 

In  &ct  if  M  be  the  magnifying-power  of  the  yiewing-telescope,  the 

disperricm  wodd  be  (M+l)^!^!i:i. :^  and  (M+l)55!^ 

m  — 1  tw*  wi  —  1 

rity  ^i  .a^ .  A  and  ?^ .  ^?^^ .  A  for  (4)  and  (5)  respectively. 
JflL      m  — 1  iw*  M.      m  —  1 

This  is  on  the  supposition  that  the  second  train  has  the  same  magni- 
fjing-power  as  the  first. 

Now  for  the  same  brightness  of  spectrum,  neglecting  loss  of  light  by 
reflexion  and  absorption,  we  must  have  6,=sm*5j  and  6,B=m5,,  the  breadth 
of  the  fllit  being  increased  to  compensate  for  the  decrease  in  the  breadth 
of  the  incident  pencil.  Where  this  is  not  practicable  (as  for  star-spectra) 
Ae  train  of  *' half-prisms  magnifying"  has  the  advantage  of  greater 
brightness;  and,  as  it  gives  at  the  same  time  wide  separation  of  the  lines, 
it  best  fulfils  the  condition  (1). 

On  the  other  hand,  for  viewing  the  solar  prominences,  loss  of  light  is 
of  little  or  no  consequence,  the  important  point  being  to  have  a  strong 
eontrast  between  the  monochromatic  image  of  the  slit  (filled  with  the 
U^t  of  the  prominence)  and  the  dispersed  image  due  to  the  light  of  the 
sky.  Thus  the  breadih  of  the  slit  does  not  enter  into  the  question,  and 
great  purity  in  the  spectrum  is  the  chief  desideratum.  A  train  of  *•  half- 
prisms  Himfninhing "  19  evidently  by  far  the  best  arrangement ;  but  for 
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conyenienoe  in  delineating  the  prominences,  a  cylindrical  eyepiece  or  a 
train  of  half -prisms  magnifying  (between  the  eye-lens  and  the  eye)  mnat 
be  used. 

Such  a  combination  is  also  suitable  for  spectrum-analysis,  where  a 
bright-line  spectrum  has  to  be  distinguished  from  a  continuous  spectnim 
forming  the  background.  Thus  with  this  arrangement  the  sodium  lines 
in  the  flame  of  an  ordinary  paraffin  candle  are  seen  with  great  brilliancy. 

In  general,  however,  a  combination  of  wide  separation,  purity,  and 
brightness  is  required;  and  here  we  must  take  the  values  for  6,  and  &, 
given  above  in  terms  of  5j. 

(1)  and  (2)  give  the  same  purity  ^  ~,  . —  .  =— 
^  m  —1   m*    6, 


(3)  gives  the  purity 2  p  — .  j-. 

^1  ^ 


If  we  take  the  same  number  of  half-prisms  in  the  three  cases,  2p^ni 
and  (3)  is  superior  in  this  respect  to  (1)  and  (2),  the  purity  being  pro- 
portional to  l+l  +  l-h  . .  to  n  terms  and  to  14—  H h-.  to  n  terms 

in  die  two  cases  respectively. 

But  as  the  practiod  question  is  how  to  get  the  best  result  out  of  a 
given  quantity  of  glass,  we  should  divide  the  purity  by  the  quantity  of 
ghiss,  and  thus  we  get  the  ratio  for  what  may  be  called  the  efficiency, 

and 

E.-^.^for(3). 
Hence 

I^"*    m-+l    ^    '^  m-+l  ' 

which  shows  the  advantage  of  the  half-prism  train,  m  being  greater  than  1. 
On  ihe  other  hand,  there  is  a  small  additional  loss  of  light  at  the  per- 
pendicular faces  in  the  half-prism  train  amounting  to  6  or  7  per  cent, 
for  each  half-prism ;  but  as  not  more  than  three,  or  at  the  most  four,  are 
ever  likely  to  be  required,  even  for  the  sun,  this  loss  is  hardly  sensible. 
.  As  regards  the  thicJctiess  of  glass,  'the  ratio  of  purity  to  thickness  of 
glass  is  the  same  in  all  three  cases,  viz. : — 

2_  A  1 
mr' b    t' 

We  may  consider  one  other  point,  viz.  the  effect  of  error  in  the 
surfaces  and  of  unequal  density  in  the  glass,  though  ihe  question  is  a 
very  obscure  one.  An  error  in  the  surface  being  equivalent  to  a  slight 
deviation  in  the  incident  ray,  its  effect  wiU  vary  as  the  magnifying-power ; 
and  thus  with  the  train  of  half-prisms  magnifying,  the  errors  of  the  half* 
prisms  are  magnified  in  proportion  to  their  distance  from  the  end  of  the 
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tein  in  the  same  ratio  as  the  dispersions ;  and  if  there  is  no  tendency  to 
a  repetition  of  similar  errors  throughout  the  train,  these  must  be  com- 
Imied  according  to  the  ordinary  law  of  errors  of  observation,  and  thus  we 

should  get  probable  error  from  whole  train  =4  /^^""     x  probable 

error  from  one  half-prism. 

The  train  of  '' half-prisms  diminishing "  would  give  the  same  result, 
since  a  magnifyiog-power  of  m"  must  be  used  to  give  the  same  separa- 
tion.   Xn  the  case  of  the  whole  prisms,  a  magnifying-power  of  ^  ""    .  - 

tn  — 1  p 

•»*     1        1 

is  required,  and  therefore  probable  error  from  whole  train  =: -.  .  -— — 

m— 1    2vp 

X  probable  error  from  a  whole  prism.  Thus,  considering  that  a  higher 
magnifying-power  must  be  applied  where  few  prisms  are  used,  the  case 
of  a  long  train  of  prisms  woidd  be  equivalent  to  the  arithmetical  mean  of 
a  large  number  of  fallible  surfaces ;  but,  independently  of  the  &ct  that 
after  a  very  moderate  number  the  gain  in  accuracy  of  definition  is  very 
slight,  practical  experience  seems  to  show  that,  owing  probably  to  syste- 
matic errors  in  the  surfaces  or  the  glass,  an  increase  in  the  number  of 
prisms  is  accompanied  by  a  corresponding  loss  of  definition,  and  that  con- 
sequently the  law  of  errors  does  not  apply.  Hil^erto  a  long  train  of 
prisms  has  been  considered  necessary,  partly  because  it  has  been  the  only 
means  of  obtaining  purity,  i.  e,  dispersion  as  distinct  from  mere  separation, 
and  partly  because  the  use  of  high  magnifying-powers  involved  the 
weakening  of  the  light  by  increase  in  the  apparent  breadth  of  the  spec- 
trum. As  regards  the  effect  of  abvbubbles  and  other  defects  in  the  glass 
in  stopping  out  light,  it  falls  under  the  head  of  absorption,  and  consti- 
tutes a  very  serious  objection  to  the  long  train  of  prisms. 

Probably,  from  want  of  proper  data,  the  effect  of  absorption  in  spectro- 
scopes would  appear  to  have  been  generally  overlooked ;  and  in  many  cases 
where  compound  prisms  are  employed  the  brightness  of  the  spectrum  is 
&ff  inferior  to  what  would  have  been  obtained  with  much  smaller  prisms. 
Even  with  a  train  of  simple  prisms  the  loss  by  absorption  is  very  great, 
and  to  this  is  superadded  the  loss  by  reflexion  at  the  numerous  sur&ces, 
so  that  Hie  disadvantages  of  a  long  train  are  sufiSciently  obvious.  To 
obtain  some  information  on  this  point,  I  have  made  several  series  of  mea- 
sures of  the  brightness  of  the  bght  transmitted  through  various  thick- 
nesses of  different  kinds  of  glass,  using  a  polarizing  photometer  and  a 
chromatometer  (on  the  principle  of  Prof.  Oerk-Ma^well's  colour-box) ; 
and  though  the  observations  I  have  made  are  not  so  extensive  as  I  could 
wish  for  the  elucidation  of  this  iiiteresting  physical  question,  they  are 
amply  sufficient  for  the  immediate  object  in  view,  showing  conclusively 
the  wasteful  loss  of  light  in  the  ordinary  construction  of  the  spectroscope. 
There  would  seem  to  be  great  differences  in  the  absorptive  power  of 
different  specimens  of  glass,  depending  on  the  manufacture  rather  than 
(m  the  density,  though  all  the  specimens  of  very  dense  flint  which  I  have 
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examined  absorb  the  blue  and  violet  rays  strongly,  whikt  crown  glass 
absorbs  the  red  and  green.  Notwithstanding  its  yellow  colour,  very 
dense  flint  (having  a  specific  gravity  of  5*0),  when  well  made,  actually 
transmits  considerably  more  light  than  the  specimens  of  crown  I  have 
met  with.  Thus  I  found  that  for  a  thickness  of  four  inches  the  propor- 
tion of  the  incident  light  transmitted  in  the  case  of  flint  (sp.  gr.  5*0)  and 
crown  was  as  follows,  allowance  being  made  for  the  loss  by  reflexion  at 

the  surfaces : — 

Bed.  Qreen.  Hue. 

per  cent.  per  cent.  per  oent 

Mint 56  49  6 

Crown    .40  39  21 

From  these  results  it  would  appear  that  a  thickness  of  4  inches  of  flint 
or  3  inches  of  crown  would  absorb  half  of  the  incident  light,  the  glass 
being  in  each  case  well  made. 

The  absorption  in  the  case  of  a  train  of  prisms  can  easily  be  calculated 
as  follows : — 

Let  e'^f  «*^  be  the  coefficient  of  light  transmitted  tfirough  thicknesses 
ty  t'  of  flint  and  crown. 
hy  Tc  the  height  and  breadth  of  the  half -prism. 
K  the  abscissa  for  any  ray  measured  from  the  edge  of  the  flint  prism. 


t=5rr,<'e5'(Z:— ic),whereg^=ntana,  5^'=- 


nsin^ 


,  n  being  the 


cos  a  cos  (/3—^) 
number  of  half-prisms. 

Putting  Bn  Brightness  of  transmitted  pencil,  which  is  supposed  to  be 
large  enough  to  All  the  whole  of  the  prism,  we  have 

B=  Ch/l^^e'^dK^Chfl^^'^'^^^  dK 


Ch 


{r^—r^^} ,  C  being  a  constant. 


For  evaluating  this  expression  the  following  Table  of  the  values  of  the 
negative  exponential  will  be  found  convenient : — 

-l-SQT 

e 

-2-903 

e 

-2^06 

6 

-4-605 


2'=0        B=^.  {!-«->*}; 

thus  B  increases  with  Ar,  rapidly  at  flrst,  and  then  more  and  more  slowly. 
Taking  a  prism  of  60**,  and  putting /b:  0-173,  which  would  gi^'e  an  ab- 
sorption of  50  per  cent,  for  4  inches,  we  have  the  following  Table,  for  the 

1  Gh 

brightness  -  {1— «"^*}  (omitting  the  constant  factor  ^^_    ) : — 


'95 

-0-051 
€             1 

'75 

-0-288  I 

e 

•65 

^-0698  1 

•35 

-1-060 

e 

•15 

'90 

-0-106 

•70 

-0367 

e 

•50 

-0-693  . 

•30 

-1-204 
€ 

•10 

•85 

-0-163 

e 

•65 

-0481 

e 

•46 

-0-798 

e 

•25 

-1-886 

e 

•05 

•80 

-0-223 

•60 

-0-611 

e 

•40 

-0-916 

e 

•20 

-1-609 
6 

•02 

1 

•01 

1, 

Simple  1 

Viwn. 

2/tana 
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Slant  side    

lin. 

lin. 

2in. 

din. 

4  m. 

6  in. 

00 

No.  of  Priama. 

BrightOMi. 

1    

•084 

•16 

•29 

•40 

•60 

•65 

1^00 

2    

•080 

•146 

•25 

•326 

•376 

•44 

0^50 

4 

•073 

•125 

•19 

•22 

•236 

025 

8 

•063 

•096 

•118 

0-126 

16 

•048 

•059 

•062 

0-063 

These  figures  show  how  little  is  gained  by  increasing  the  hreadth  of  the 
prisms  in  a  long  train ;  in  fact  the 

B  '  htn    g— -^^^^rp^Q'^  through  the  bases  of  all  the  prisms , 
Number  of  prisms  ' 

and  this  absorption,  as  it  approaches  its  limiting  value  1,  increases  very 
slowly  with  the  thickness  of  glass  when  that  exceeds  6  or  8  inches.  The 
heigJu  of  the  prisms  may,  however,  be  increased  with  advantage  up  to 
the  limit  determined  by  the  condition  that  the  height  of  l^e  emergent 
pencil  (after  passing  through  the  eyepiece)  shall  not  exceed  the  diameter 
of  the  pupil  of  the  eye.  Thus  with  a  magnifying-power  of  10  on  the 
viewing-telescope  it  is  useless  to  make  the  prisms  more  than  2  inches  in 
height. 

The  coefficient shows  the  variation  of  the  brightness  with  the 

2/ tan  a  ° 

absorptive  power  of  the  glass  and  the  angle  of  the  prism. 

The  above  formula  has  been  obtained  on  the  supposition  that  the  whole 
of  the  prism  is  utilized  right  up  to  the  refracting  edge,  which  is  assumed 
to  have  no  sensible  thickness.  In  practice,  however,  this  is  rarely  the 
case,  and  the  most  valuable  part  of  the  prism  is  lost,  from  the  difficulty 
of  working  a  surface  true  up  to  the  edge.  In  along  train  of  prisms  this  is 
a  matter  of  some  importance,  where  light  is  of  consequence ;  and  there  is 
in  such  a  train  the  further  objection,  that  the  pencil  falling  on  the  viewing- 
telescope  is  in  fact  rendered  excentrical,  and  its  effective  breadth  dimi- 
nished, by  the  greater  absorption  in  passing  through  the  thick  parts  of 
the  prisms. 

2.  Compormd  Prisms. 

Here,  as  the  breadth  of  the  prism  is  increased,  there  will  be  a  point 
where  the  increased  absorption  makes  up  for  the  increased  brightness 
of  the  incident  pencil ;  and  when  this  is  the  case 


C^ 


,{fqr^^eq'e'^}^0, 


whence 


VOL.    XXVI. 


^=0,or^ , 

,\  fqery^z=z(iq'e"^\ 


k^ 
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suppose /3=a?cg', 

which  gives  the  limiting  breadth  k. 

The  condition  e'^'^ssxe'^  may  be  expressed  in  words  thus : — When 
the  brightness  is  a  maximum,  the  light  transmitted  through  the  thickest 
parts  of  the  train  of  crown  prisms  must  be  x  times  that  through  the 
thickest  parts  of  the  train  of  flint  prisms,  x  being  the  thickness  of  crown 
(expressed  in  terms  of  the  total  thickness  corresponding  to  1  inch  breadth 
of  prism)  which  gives  the  same  absorption  as  the  total  thickness  of  flint 
corresponding  to  1  inch  breadth.  The  thickness  is  in  each  case  that  trar 
versed  by  the  ray. 

When  x^l  or  fq=^eq\  the  formula  becomes  indeterminate;  the 
absorption  is  then  the  same  for  all  rays  of  the  pencil,  and 

Putting  -ij-^O  as  before,  we  have 


dJc 


it=^or-i; 
fq      cq 


or,  when  the  brightness  is  a  maximum,  the  breadth  of  the  prisms  must 
be  such  that  the  whole  absorption  is  -,  the  absorption  in  passing  through 

the  crown  being  supposed  equal  to  that  in  the  flint.  This  will  be  ap* 
proximately  true  in  the  case  of  the  direct-vision  prism,  for  which  there- 
fore the  thickness  of  glass  traversed  (flint  and  crown  combined)  should 
not  exceed  5*8  inches,  if  we  take /s*  173,  as  found  by  experiment  for  a 
very  good  specimen  of  flint.  With  less  pure  glass,  such  as  is  frequently 
used,  this  limiting  thickness  may  be  much  smaller ;  in  one  piece  of  very 
dense  flint  which  I  examined  it  would  be  only  1*5  inch ;  but  the  ab- 
sorption of  the  crown  being  here  considerably  less  than  that  of  the  flint, 
the  formula  just  given  would  no  longer  apply.  Further,  for  the  blue  end 
of  the  spectrum  /  would  be  much  larger,  bdng,  in  &ct,  about  '78  for  the 
yellow  flint,  whilst  c  is  about  *34  for  the  crown,  so  that  the  total  thick- 
ness for  photographic  work  should  certainly  not  exceed  3  inches,  Hie 
limit  being  fixed  by  the  absorption  of  the  crown. 

These  numerical  results,  however,  are  given  more  as  illustrating  the 
principles  on  which  spectroscopes  should  be  constructed  than  as  general 
rules  applicable  in  all  cases ;  for  there  is  such  great  diversity  in  glass  that, 
by  a  judicious  selection,  it  is  quite  possible  that  a  considerably  greater 
thic^ess  might  prove  to  be  admissible  for  the  photographic  rays.  Fur- 
ther, the  observations  on  which  the  values  of  the  coefficients  of  absorption 
are  based  are  liable  to  a  smaU  uncertfJnty  on  account  of  the  difficulty  of 
allowing  for  want  of  perfect  polish  in  the  two  surfaces  of  the  plate.  They 
may  be  taken,  however,  as  useful  approximations  to  the  truth. 
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From  what  precedes  it  will  be  seen  that  loss  of  light  is  so  inseparably 
assodated  with  dispersion,  whether  by  making  it  necessary  to  use  a  nar- 
rower pencil  or  in  other  ways  which  are  not  so  easily  reduced  to  law,  that 
there  is  theoretically  but  little  to  choose  between  different  arrangements 
of  prisms,  and  in  particular  between  a  long  train  of  prisms  and  a  short 
isn^  of  half-prisms ;  but  practically  the  advantage  seems  to  be  altogether 
with  the  short  train,  which  is  less  complicated  and.more  convenient.  The 
difficulties  of  the  adjustment  of  a  long  train  of  prisms  are  so  great  that 
in  practice  the  efficiency  secured  appears  to  fall  very  far  short  of  the 
theoretical  limit,  and  thus  so-called  powerful  spectroscopes  are  a  constant 
source  of  trouble  and  disappointment  to  those  who  use  them.  Even  if 
once  properly  adjusted  it  is  practically  impossible  to  keep  them  so,  and 
the  consequence  is  that  the  sodium  lines,  for  example,  are  seen  hardly  any 
better  with  eighteen  or  twenty  prisms  than  with  four  or  five. 

The  general  conclusions  arrived  at  with  regard  to  the  best  combination 
of  prisms  may  be  summed  up  as  follows : — 

!•  The  direct-vision  prism  (as  ordinarily  used)possessesgreatad vantages 
over  other  forms,  simple  or  compound,  especially  in  its  correction  of  the 
irrationality  of  dispersion. 

2.  This  irrationality  can,  however,  be  corrected  in  any  form  of  "  half- 
prism''  by  keeping  the  collimator  and  telescope  relatively  fixed,  whilst 
the  prism  only  is  turned  to  bring  successive  parts  of  the  spectrum  into 
the  field  of  view,  and  thus  an  angle  approaching  closely  to  the  critical 
angle  may  be  advantageously  used. 

3.  A  train  composed  of  three  or  at  most  four  "  half-prisms  (direct- 
vision)  magnifying "  is  the  best  arrangement  for  giving  wide  separation 
of  the  lines  in  the  solar  spectrum,  whilst  one  or,  in  some  cases,  two  half- 
prisms  similarly  placed  offer  special  advantages  in  the  case  of  star-spectra. 
A  well-worked  slit  will  be  required  for  examination  of  the  finer  lines  in 
the  sun's  spectrum,  and  it  would  be  well  to  use  a  concave  or  '*  Barlow  " 
lens  in  the  collimator  so  as  to  increase  its  effective  focal  length. 

4.  A  train  of  two  or  three  '*  half-prisms  (direct- vision)  diminishing," 
in  combination  with  an  eyepiece  train  of  **  half-prisms  magnifying,"  is 
peculiarly  adapted  for  the  delineation  of  the  solar  prominences,  and  gene- 
rally for  the  examination  of  bright-line  spectra  with  a  continuous  back- 
ground« 

Mr,  Hilger,  who  has  entered  with  the  greatest  zeal  into  the  practical 
application  of  these  principles,  and  to  whose  skill  the  success  of  the  idea 
is  largely  due,  has  made  a  direct-vision  spectroscope  for  the  Eoyal  Obser- 
vatory on  the  following  plan  (see  fig.  1),  which  has  been  approved  by 
the  Astronomer  Boyal,  and  which  embodies  the  above  conclusions.  The 
train  consists  of  three  half-prisms  direct-vision  for  the  red  rays,  each 
having  an  angle  of  57°  0'  for  the  flint  (sp.  gr.  5*0)  and  110°  for  the 
crown,  and  giving  a  dispersion  of  20®  with  a  magnifying-power  of  3*8.  The 
course  of  the  rays  is  sufficiently  indicated  in  the  diagram,  from  which  it 
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will  be  seen  how  the  breadth  of  the  pencil  decreases,  the  rays  being  thrown 

to  one  side,  as  it  were,  bj  the  refraction  of  the  prisms.    The  prisms  turn 

about  centres  a,  6,  «,  so  placed  that  the  rajs  for  different  parts  of  the 

spectrum,  after  emerging  from  one  prism,  always  Ml  on  the  same  part  of 

the  face  of  the  next  prism,  each  being  turned  through  the  same  angle. 

There  is  no  difficulty  in  calculating  t^e  positions  of  these  points  in  any 

particular  case  from  the  condition  that  l^^h\9A  the  prism  is  turned,  and 

that  the  lateral  displacement  of  the  middle  ray  in  one  prism  must  be  equal 

and  opposite  to  the  lateral  motion  of  the  perpendicular  face  of  the  next 

priam.  For  the  sake  of  conyenienoe  in  mounting  (the  centres  being  in  the 

third  prisms  hare  been  made  larger  than  is  abso- 

les  this  a  large  portion  of  the  crown  might  be  cut 

rements  are  concerned.    The  prisms  are  each 

angle  by  the  lever  d  ef  having  its  fulcrum  at 

meter-screw  m. 

)hree  adjustable  screws  p,  q^  r,  so  placed  as  to 
Lon  to  each  prism,  which  is  kept  in  contact  with 
y  a  spring  on  the  opposite  side.  Thus  a  simple 
tans  of  tiie  micrometer-screw  brings  difEerent 
>  the  field ;  and  this  automatic  motion  will  not 
r  withdrawing  either  one  or  two  of  the  prisms, 
adapter  tubes  to  admit  of  easy  removal.  The 
1y  be  interchanged  if  great  purity  in  the  spec- 
ust  intimated,  either  one,  two,  or  three  half- 
a  dispersion  or  purity  (as  the  case  may  be)  of 
ary  prisms  of  60^.  The  concave  lens  I  has  the 
al  length  of  the  collimator,  and  consequently  of 
hdth  of  the  spectrum-lines  for  a  given  width  of 
the  spectrum  is  made  narrower  and  brighter ; 
>pe  be  applied  to  a  large  telescope,  there  is  in 
ortion  only  of  the  pencil  from  the  object-glass 
ith  and  height  of  the  slit  may  be  increased  in 
to  keep  the  purity  and  breadth  of  spectrum 
ig  this  there  is  a  practical  advantage  in  the 
or  irregularities  on  the  slit.  It  remains  to 
nt  in  the  direct-vision  spectroscopes.  Since  the 
ire  in  a  straight  line,  an  image  of  the  slit  is 
9  field  by  rays  which  pass  through  the  object- 
le  prisms ;  and  this  serves  as  a  bright  reference 
idvantage  of  being  affected  in  the  same  way  as 
'  shift  of  the  coUimator  or  viewing-telescope. 
ive  eyepiece  may  be  used  with  this  ghost,  and 
ly  be  varied  by  diaphragms  or  coloured  ghisses. 
-line  micrometer  is  formed,  supplying  a  want 
wfaidi  has  long  been  felt  by  spectroscopists. 
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It  may  be  remarked  that  this  bright  line  gives  a  ready  means  of  adjust- 
ing the  collimator  and  telescope  to  focus,  as,  when  this  has  been  done,  it 
should  be  seen  distinctly  at  the  same  time  as  the  spectrum-lines. 

The  success  of  this  spectroscope  has  far  exceeded  all  my  antidpatioiia. 
Though  the  first  prism  is  only  0*75  inch  in  cross  section,  and  the  total 
length  11  inches,  the  power  is  far  greater  than  that  of  any  spectroscope 
with  which  I  am  acquainted,  and  this  is  accompanied  by  remarkable  bright- 
ness in  the  spectrum.  I  have  compared  it  carefully  with  the  large  spec- 
troscope of  the  Boyal  Observatory,  which  has  a  train  of  ten  compound 
prisms,  and  find  that  even  with  two  prisms  in  the  small  direct-vision 
spectroscope  the  sodium  lines  are  fully  as  widely  separated  as,  and  &r 
better  defined  than,  in  the  large  spectroscope  with  its  full  power,  whilst 
their  brightness  in  the  direct-vision  spectroscope  is  incomparably  greater. 
With  the  full  train  of  three  prisms  this  separation  is  quadrupled  nearly, 
and  the  sodium  lines  are  seen  fully  S°  apart  with  a  power  of  9  on  the 
viewing-telescope.  The  compactness  of  the  half-prism  spectroscope,  the 
simplicity  of  its  construction,  and  the  ease  with  which  it  is  manipulated 
appear  to  leave  little  or  nothing  to  be  desired. 

I  have,  however,  tried  a  still  more  portable  form  of  spectroscope,  which 
for  many  purposes  seems  fully  equal  to  the  larger  form.  It  is  on  the  plan 
of  the  miniature  spectroscopes,  in  which  the  eye  lakes  the  place  of  the 
viewing-telescope ;  and  its  general  construction  will  be  readily  seen  from 
fig.  2,  which  represents  its  actual  size. 

The  prisms  turn  aboot  centres  a,  6,  being  moved  by  the  lever  d  e  f^ 
on  which  a  micrometeivscrew  m  acts  as  in  the  larger  spectroscope;  but  to 
allow  of  more  motion  in  the  first  half-prism  the  positions  cf  the  centres 
a,  b  have  been  altered,  which  can  be  done  when  there  are  only  two  prisms 
in  the  train,  the  condition  between  the  lateral  displacements  still  holding. 
The  other  arrangements  are  as  before,  the  prism  h  being  mounted  in  a 
small  tube  so  as  to  be  readily  withdrawn  if  large  dispersion  is  not  re- 
quired ;  but  in  place  of  the  viewing-telescope  and  eyepiece,  there  is  simply 
an  eyeglass,  g,  adapted  to  the  sight  of  the  observer  for  distant  objects,  so 
that  the  rays  pass  through  the  prisms  in  a  state  of  parallelism.  The 
bright  line  formed  by  the  image  of  the  top  and  bottom  of  the  slit  is  here 
seen  above  and  below  the  spectrum,  and  measurements  are  made  with 
great  convenience. 

As  the  whole  of  the  magnifying-power  has  to  be  supplied  by  the  prisms, 
I  have  increased  the  angle  of  the  flint  to  58°  30',  which  approaches  very 
closely  to  the  critical  angle;  whilst  in  order  to  preserve  the  direct-vision 
form,  the  angle  of  the  crown  is  120°,  giving  a  magnifying-power  of  9  and 
a  dispersion  or  purity  (as  the  case  may  be)  of  50°,  or  ten  ordinary  prisms 
of  60°  for  each  half-prism.  The  train  of  two  half -prisms  has  thus  a  mag- 
nifying-power of  about  80,  and  a  dispersion  or  purity  of  nearly  500°, 
or  100  ordinary  prisms  of  60°. 

Small  though  this  spectroscope  is  (the  total  length  being  only  four 
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inchesX  its  power  is  extraordinary.  With  the  first  half-prism  alone  the  D 
lines  are  distinctly  separated,  whilst  with  the  two  half -prisms  their  angular 
distance  is  (by  actual  measurement)  ^° ;  and  ^ia  separation,  be  it  re- 
memberedy  is  obtained  solely  by  the  prisms,  without  any  magnifying-power 
from  an  eyepiece.  This  separation  is  about  equal  to  that  in  the  large 
Greenwid^  spectroscope  with  its  ten  compound  prisms  of  1*6  inch  sec- 
tion and  the  ordinary  eyepiece,  whilst  the  definition  is  fully  as  sharp  and 
^e  brightness  far  superior.  In  fact  where  it  is  not  necessary  to  magnify 
the  breadth  of  the  spectrum,  the  miniature  spectroscope  would  appear 
to  be  quite  equal  to  the  ordinary  form,  as  there  is  no  use  in  increasing 
the  height  of  the  prisms  beyond  what  is  required  to  fill  the  pupil  of  the 
eye  with  light.  Thus  in  the  miniature  spectroscope  the  prisms  need  be 
only  0*2  inch  high  ;  whilst  if  a  magnifying-power  of  10  is  to  be  used  (in 
the  direction  of  the  breadth  of  the  spectrum)  their  height  should  be  2 
inches  to  give  the  same  brightness.  Except  in  the  case  of  stars  and  other 
objects  of  very  limited  apparent  size,  (ireadth  may  be  given  to  the  spec- 
trum just  as  well  by  increasing  the  height  of  the  slit  as  by  increasing  the 
height  of  the  prisms.  Of  course  the  breadth  of  the  first  half-prism  should 
be  as  large  as  may  be,  the  magnifying-power  in  this  direction  being  in  all 
cases  high  enough  to  reduce  the  breadth  of  the  pencil  to  a  small  fraction 
of  the  diameter  of  the  pupil  of  the  eye. 

The  results  obtained  when  the  train  of  prisms  is  reversed  so  as  to  give 
great  purity  are  even  more  remarkable.  With  either  of  the  half-prism 
trains  in  this  position,  without  slit,  collimator,  or  telescope,  the  sodium 
lines  are  seen  with  great  brilliancy  (though  not  divided)  in  the  flame  even 
of  an  ordinary  para£Bn  or  composite  candle  without  any  salt  on  the  wick, 
and  the  Fraunhofer  lines  are  seen  sharply  defined  when  the  train  of 
prisms  pure  and  simple  is  pointed  to  the  sun  or  moon.  When  the  two 
trains  are  combined  as  in  (5),  page  29,  still  wil^out  any  slit  or  lenses,  the 
sodium-lines  in  an  ordinary  flame  are  widely  separated,  forming  two 
images  of  the  flame ;  and  the  d  and  h  lines  in  the  sun  are  also  well  divided. 
From  the  low  altitude  of  the  sun  and  the  prevalence  of  haze,  I  have  not 
had  a  fair  opportunity  of  trying  whether  the  prominences  could  be  seen 
in  this  way  without  any  slit  or  lenses;  but  from  the  ease  with  which  the 
C  line  is  seen,  I  think  it  probable  that  the  prominences  would  be  visible 
as  a  ring  of  light  on  the  background  of  the  spectrum  formed  by  the  suc- 
cessive coloured  images  of  the  sun's  disk,  darling  though  it  is.  Even  if 
this  plan  should  &il  with  these  short  trams  of  prisms,  there  would  be  no 
difficulty  in  adding  one  or  two  more  prisms  to  each ;  for  I  imagine  that 
the  limit  to  the  power  is  far  from  having  been  reached  in  the  spectroscopes 
I  have  described.  I  have  deferred  making  this  new  plan  of  spectroscope 
known  until  I  could  try  it  in  a  tolerably  complete  form,  although  the 
first  experiments  I  made  with  direct-vision  and  other  half -prisms  in 
October  last  convinced  me  of  its  practical  value.  The  results  which  have 
been  obtained  so  far  will,  I  hope,  show  that  there  is  no  difficulty  in  ap- 
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plying  the  method  so  as  to  obtain  in  a  compact  form  and  at  a  small 
cost  a  dispersive  power  exceeding  that  of  any  spectroscope  on  the  old 
plan,  and  free  from  the  defects  inherent  in  a  complicated  instrument. 

Ift  conclusion,  I  may  allude  to  an  application  of  the  remarkable  pro- 
perty of  the  half -prism  which  may  perhaps  prove  of  practical  use.  From 
what  precedes  it  will  be  clear  that  the  half -prism,  as  far  as  its  magni- 
fying-power  is  concerned,  is  equivalent  to  a  combination  of  an  object- 
glass  and  cylindrical  eyepiece,  the  peculiarity  being  that  it  magnifies  the 
angle  between  two  pencils  of  parallel  rays  without  affecting  the  paral- 
lelism of  the  rays  in  each  pencil.  The  half-prisms  which  have  so  iax 
been  considered  are  constructed  so  as  to  give  great  dispersion,  and  the 
sun  is  seen  through  them  as  if  through  a  telescope  with  an  object-glass 
formed  of  a  convex  flint  lens  and  a  concave  crown.  But  it  is  obvious 
that  an  achromatic  prism  may  be  formed  on  the  same  principle  as  the 
achromatic  object-glass,  giving  cylindrical  magnifying-power  without  dis- 
persion. If  two  such  prisms  be  crossed  at  right  angles,  one  behind  the 
other,  the  magnifying-power  will  be  the  same  in  both  directions,  and  the 
combination  will  act.  as  an  achromatic  telescope  with  the  advantage  of 
great  compactness^  since  the  eye  can  be  applied  close  to  the  second  prism. 

Whether,  however,  this  advMitage  would  compensate  for  the  greater 
quantity  of  glass  required  and  for  the  loss  of  light  is  a  matter  for  prac- 
tical consideration ;  and  I  therefore  defer  the  discussion  of  the  achromatic 
half-prism  till  I  have  satisfied  myself  that  it  has  some  practical  utility, 
even  though  it  may  never  replace  the  refracting  telescope  for  general  use. 
Boyil  Obserratory,  Greenwich, 
1877,  Jan.  17. 


March  8,  1877. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read ; — 

I.  '^On  Magneto-electric  Induction  in  Liquids  and  Gkises. — 
Part  I.  Production  of  Induced  Currents  in  Electrolytes/* 
By  J.  A.  Fleming,  B.Sc.  (Lond.).  Communicated  by  Prof. 
Stokes,  SecR.S.     Received  February  6,  1877. 

(Abstract.) 

This  paper  contains  an  account  of  an  eiperimental  inquiry  into  the 
production  of  induced  currents  in  liquids  by  magneto-elecbic  induction. 
Faraday  examined  one  such  case  of  induction,  in  which  a  conducting 
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liquid  was  used  as  a  secondary  drcnit.  He  coiled  round  the  armature  of 
an  electromagnet  an  india-rubber  tube  filled  with  dilute  sulphuric  acid, 
and  found,  on  making  and  breaking  the  primary  circuit,  the  induced  cur- 
rents generated  in  it,  as  in  the  case  of  metallic  conductors ;  but  he  could 
not  obtain  any  effect  when  brine,  sulphuric  acid,  or  other  solutions  were 
rotated  in  basins  over  a  magnet,  or  enclosed  in  tubes  and  passed  between 
the  poles.  He  ^dled  also  to  detect  any  magneto-electric  current  in  water 
flowing  across  the  earth's  lines  of  magnetic  force  (viz.  in  the  river 
Thames). 

Since  the  reason  for  these  negative  results  is  not  at  once  obvious,  it 
seemed  desirable  to  repeat  and  extend  them  to  other  cases,  so  that,  if 
possible,  the  analogy  of  electrolytic  with  solid  conductors  might,  in 
respect  to  magneto-«lectric  induction,  be  completed.  In  addition,  the 
subject  involves  the  interesting  question  of  the  magneto-electric  pheno- 
mena accompanying  the  flow  of  ocean-currents  and  other  large  masses 
of  water. 

Three  cases  of  induction  in  liquids  flowing  in  a  magnetic  field  or  tra- 
versed by  lines  of  magnetic  force  have  been  examined. 

1.  Production  of  induced  current  in  a  liquid  stream  flowing  uniformly 
in  a  constant  magnetic  field. — When  a  stream  of  conducting  fluid  flows 
vertically  down  between  the  poles  of  a  magnet  a  transverse  current  is 
produced  in  a  direction  at  right  angles  to  the  lines  of  force  and  line  of 
flow.  This  was  obtained  in  the  following  way : — A  glass  tube,  about  200 
centims.  long  and  2  centims.  wide,  had  platinum  plates  15  millims.  wide 
placed  along  its  inside  and  at  opposite  sides,  with  their  lengths  parallel  to 
the  axis  of  the  tube.  Platinum  wires  welded  to  these  plates  were  sealed 
through  the  glass.  The  plates  were  curved  to  lie  closely  against  the  sides 
of  the  tube.  This  tube  was  placed  vertically  between  the  poles  of  a  large 
electromagnet,  the  line  joining  the  platinum  plates  being  at  right  angles 
to  the  line  of  the  poles. 

To  the  upper  end  of  the  tube  was  attached  another,  leading  to  a  reser- 
voir of  dilute  sulphuric  acid  placed  high  above  the  floor ;  to  the  lower 
end  a  tube  leading  to  a  receptacle  on  the  floor.  The  platinum  plates 
were  then  connected  with  a  distant  galvanometer.  When  the  magnet 
was  not  excited,  no  flowing  of  the  liquid  had  any  effect  on  the  galvano- 
meter ;  but  when  it  was  excited,  at  the  moment  the  flow  began  the 
galvanometer  showed  a  deflection  of  10°  to  15°.  Since  the  only  part  of 
the  galvanometer  circuit  in  motion  is  the  liquid,  this  deflection  was  due 
to  the  magneto-electric  current  generated  in  it  by  its  movement.  It  was 
noticed  that  the  plates  were  polarized  by  the  currents  so  created.  As  a 
consequence  of  this,  the  deflecticm  of  the  needle  soon  fell  to  zero ;  and 
on  the  liquid  flow  being  stopped,  a  polarization  current  in  the  opposite 
direction  was  obtained.  This  proved  that  in  experiments  on  induction  in 
liquids,  in  order  to  obtain  any  constant  current,  nonr-polarizable  electrodes 
must  be  used. 
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2,  Production  of  induced  current  in  a  mass  of  liquid  rotating  over  a  mag- 
netic pole, — ^In  this  case  radial  currents  should  be  produced.  They  were 
obtained  as  follows  : — Flat  porous  cells  were  placed  round  the  circum- 
ference of  a  large  basin,  and  in  the  centre  a  cylindrical  one.  These  were 
filled  with  a  solution  of  cnpric  sulphate,  and  contained  copper  plates.  The 
basin  was  filled  with  dilute  sulphuric  add.  The  centre  copper  plate  was 
connected  with  one  pole  of  the  galvanometer,  and  the  circumferential 
ones  wil^  the  other.  The  whole  was  placed  over  the  pole  of  the  electro- 
magnet. On  exciting  the  magnet  and  rotating  the  dilute  acid,  a  con- 
stant current  was  obtained,  flowing  from  centre  to  circumference  or  tiie 
reverse  according  to  the  direction  of  rotation.  With  platinum  electrodes 
the  effect  cannot  be  obtained,  but  with  non-polarizable  electrodes  it  is 
easily  produced.    Mercury  was  likewise  tried  with  still  better  results. 

3.  Production  of  induced  current  in  a  liquid  at  rest  in  a  variable  mag- 
netic field, — If  a  flexible  tube  filled  with  conducting  liquid  is  wound  round 
an  electromagnet,  and  into  the  ends  electrodes  placed  so  as  to  include  a 
galvanometer  in  the  circuit,  then  induced  currents  are  obtained  when- 
ever the  strength  of  the  magnet  varies.  This  is  the  case  examined  by 
Faraday.  His  experiment  was  repeated  by  MM.  Logeman  and  Van 
Breda  (Phil.  Mag.  [lY.]  vol.  viii.  p.  465),  who  noticed  that  the  electrodes 
were  left  polarized  after  the  induced  current  had  passed.  These  experi- 
ments were  repeated  with  more  powerful  apparatus,  using  a  soft  iron 
wire  core  within  the  inducing  helix  instead  of  solid  iron,  and  employing 
a  condenser  in  the  primary  circuit.  Very  strong  induced  currents  were 
obtained,  and  correspondingly  great  polarization  of  the  electrodes  placed 
in  the  ends  of  the  coil  of  add.  It  was  hoped  that  the  currents  might 
produce  visible  inductive  electrolysis,  but  even  this  improved  arrange- 
ment did  not  yield  that  result.  Other  saline  solutions  were  tried  with 
similar  results. 

Lastly,  the  phenomenon  observed  by  Arago,  of  the  retardation  in  the 
vibrations  of  a  magnetic  needle  oscillated  near  the  surface  of  liquids,  ia 
examined.  Evidence  is  brought  forward  to  show  that  this  is  not^  as  in 
the  case  of  solid  plates,  due  to  induced  currents  created  in  the  liquid — 
(1)  because  the  retardation  is,  casteris  paribus,  not  proportional  to  the 
conductivity  of  the  liquid  but  dependent  on  its  volatility ;  (2)  because 
it  takes  place  equally  when  a  light  brass  needle,  oscillated  by  torsion,  is 
substituted  for  the  magnet,  provided  the  needle  is  light  and  the  period  of 
oscillation  not  very  small.  Thus  a  magnetic  needle  which  required 
4  min.  20  sec.  to  suffer  a  decrement  of  25^  in  the  semi-arc  of  vibration 
when  in  air,  required  over  dilute  sulphuric  acid  3  min.  30  sec.,  over  ether 
2  min.  25  sec.  A  brass  needle  of  the  same  dimensions  exhibited  similar 
effects. 

In  condusion  the  magneto-electric  induction  taking  place  in  moving 
masses  of  water  on  the  earth's  surface  under  the  influence  of  terrestrial 
magnetism  is  briefly  discussed. 
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Before  the  introdaction  of  the  absolute  system  of  electro-magnetic 
measure,  there  was  no  means  of  estimating  the  electromotive  force  so 
brought  into  plaj  bj  the  flow  of  a  riyer  or  ocean  stream,  and  the  magni- 
tude of  the  effect  was  perhaps  overestimated. 

A  Table  is  given,  showing  the  electromotive  force  in  volts  produced  in 
two  or  three  cases. 

Difference  of  potential  be- 
tween  two  siaee  in  Tolta. 

Gulf-streamatkt.  30^N.,  long.  60<>W 8-6 

Equatorial  current,  lat.  10°  N.,  long.  40*^  W.    . .     10-0 

Dover  and  Calais  tidal  current 3'0 

Thames  at  Waterloo  Bridge -016 

This  electromotive  force  without  doubt  generates  a  current  transverse 
to  the  direction  of  the  flow ;  but  since  the  surrounding  still  water  or  the 
river  bed  or  channel  is  not  a  non-conductor,  any  attempt  practically  to 
detect  it  by  plates  placed  on  either  side  of  the  stream  is  not  likely  to 
succeed,  since  the  current  through  the  galvanometer  is  only  a  derived 
portion  of  the  current  in  the  stream. 

A  comparison  of  a  chart  of  ocean-currents  with  one  of  the  isogenic 
lines  does  not  seem  to  show  any  distortion  of  the  lines  of  equal  variation 
where  they  cut  across.  If,  now,  electric  currents  of  any  great  magni- 
tude were  generated  in  ocean-currents,  such  would  undoubtedly  be  the 
case.  Though  Farada/s  failure  to  detect  any  magneto-electric  current 
in  the  Thames  may  have  been  partly  due  to  his  employment  of  polarizable 
electrodes,  still  there  is  evidence  enough  to  show  that  these  currents, 
though  certainly  existing  and  capable  of  being  producied  on  a  laboratory 
scale,  cannot  be  r^arded  as  contributing  in  any  sensible  degree  towards 
affecting  the  form  and  distribution  of  the  isogenic  lines.  Those  who 
have  looked  to  this  as  a  possible  partial  cause  of  the  irregularity  observed 
have  been  led,  no  doubt,  by  the  dimensions  of  the  streams  to  exaggerate 
the  magneto-electric  induction  caused  by  their  flow. 


II.  ''  Oir  the  Structure  and  Development  of  Vascular  Dentine.'' 
By  Charles  S.  Tomes^  M.A.  Communicated  by  John  Tomes, 
F.R.S.     Received  February  6,  1877. 

(Abstract.) 

The  nomenclature  and  classification  of  the  varieties  of  dentine  have 
hitherto  been  based  solely  upon  the  appearances  discoverable  in  dried 
teeth;  in  the  present  communication  the  author  seeks  to  amend  and 
place  upon  a  more  satisfactory  basis  the  grouping  of  these  several  kinds 
of  dentine,  by  bringing  to  bear  upon  their  arrangement  observations 
upon  the  nature  of  the  contents  of  those  large  tubes  which  give  to  the 
tifisues  their  name  of  "vascular"  dentine,  and,  more  especially,  observa- 
tions upon  the  methods  by  which  they  are  developed. 
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Yaso-dentine  is  the  term  generaUj  used  to  designate  a  variety  of 
dentine  exceedingly  common  in  the  class  of  Fish,  in  which  the  substance 
of  the  tooth  is  permeated  by  a  number  of  anastomosing  tubes,  of  con- 
siderable size,  which  have  been  called  *^  medullary ''  canals,  as  they  have  been 
supposed  to  contain  pulp-tissue ;  whilst  osTEO-DENmrE  is  used  to  desig- 
nate that  variety  of  vaso-dentine  in  which  the  matrix  is  arranged  in  con- 
centric layers  round  the  canals,  like  the  laminsD  of  an  Haversian  system 
in  bone,  and  in  which  spaces  like  the  lacun»  of  bone  occur. 

The  author  would  not  propose  to  introduce  any  new  terms,  but  to 
render  more  precise  and  definite  the  meaning  attached  to  the  terms 
vaso-dentine  and  osteo-dentine,  premising  that  the  application  of  the 
two  words  will  be  greatly  altered  by  so  doing. 

The  author  defines  vaso-dektine  as  a  modification  of  dentine  which 
is  permeated  by  a  system  of  canals  far  larger  than  ordinary  dentinal 
tubes,  which  anastomose  freely  with  one  another,  and  contain  capillary 
blood-vessels  and  nothing  else.  That  is  to  say,  each  several  canal  con- 
tains a  capillary  of  the  same  calibre  as  itself,  and  no  cellular  or  other 
pulp-tissue,  for  which,  in  fact,  there  is  no  room ;  the  canals  were  formed 
by  the  enclosure  of  capillaries  of  the  pulp  in  a  calcified  matrix.  True 
dentinal  tubes  may  coexist  with  the  large  capillary  canals ;  but  if  they 
do,  they  radiate  from  the  central  pulp-chamber  and  not  from  the  canab : 
in  the  most  typical  vaso-dentine,  such  as  that  of  the  hake,  the  matrix  is 
solid  and  there  are  no  true  dentinal  tubes.  Yaso-dentine  is  developed 
from  a  sharply  defined  '*  membrana  eboris,"  or  layer  of  odontoblast  cells. 

Osteo-dentine,  on  the  other  hand,  is  also  permeated  by  a  system  of 
large  channels,  but  these  do  not  (except  as  an  accident)  contain  capillary 
blood-vessels,  nor  were  they  developed  around  capillaries.  True  "  den- 
tinal tubes  ^  can  perhaps  hardly  be  said  to  exist ;  but  the  tubes  of  small 
calibre  which  do  exist  radiate,  not  from  a  common  pulp-chamber,  but 
from  the  several  canals. 

Its  greatest  distinction  from  vaso-dentine  lies  in  the  manner  of  its 
development.  It  is  not  (if  we  except  a  thin  outer  layer  of  hard  dentine 
with  which  it  is  often  clothed)  developed  from  a  specialized  layer  of  odonto- 
blast cells ;  but  calcifying  trabeculsD  shoot  rapidly  from  the  interior  of 
the  first-formed  dentine  cap  through  the  whole  substance  of  the  formative 
pulp,  and  the  canal-system  ultimately  formed  is  due  to  the  partial  coa- 
lescence of  these  ossifying  trabeculsD  leaving  interspaces  between  them. 
The  canals  have  therefore  nothing  whatever  to  do  with  the  blood-vessels 
of  the  pulp,  and  therefore  do  not  correspond  very  closely  with  those  of 
vaso-dentine.  Osteo-dentine  is  thus  not  derived  from  the  calcification 
of  a  ^*  membrana  eboris,''  or  special  layer  of  odontoblast  cells,  but  by  ossi- 
fication (of  cells  like  osteoblasts)  shooting  through  its  whole  mass. 

Thus  the  tooth-pulp  can  be  bodily  withdrawn  from  a  tooth  consisting 
of  vaso-dentine  by  tearing  across  the  capillaries  only,  and  the  interior 
of  the  dentine  cap  will  be  left  smooth ;  but  the  pulp  can  by  no  possibility 
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be  withdrawn  from  a  tooth  which  is  advancmg  in  calcification  into  osteo- 
dentine,  because  it  is  permeated  through  and  through  by  a  network  of 
calcifying  trabecnls. 

It  is  possible  by  careful  observation  to  distinguish  in  sections  of  dried 
teeth  true  yaso-dentine  from  osteo-dentine ;  the  majoritj  of  teeth  consist- 
ing of  the  latter  tissue  ordinarily  pass  as  consisting  of  the  former  (e.  g. 
the  teeth  of  the  pike,  of  many  Plagiostomi,  which  really  consist  of  osteo- 
dentine,  but  are  always  described  as  yaso-dentine). 

The  teeth  of  the  hake  are  selected  as  an  illustration  of  yaso-dentine ; 
they  haye  large  pulps,  richly  vascular,  and  red  blood  circulates  abundantly 
through  the  capillary  channeb  of  the  dentine,  so  that  the  tooth,  when 
the  fish  is  alive,  is  brilliantly  red. 

The  matrix  of  the  dentine  is  dense  and  solid ;  «.  e.  it  is  not  permeated 
by  dentinal  tubes. 

The  transition  between  typical  vaso-dentine,  such  as  that  of  the 
Gadidffi,  and  hard  unvascular  dentine,  such  as  that  of  most  mAmmaliiMi 
teeth,  is  gradual. 

Thus  most  of  the  Pleuronectid®  have  teeth  which  at  their  basal  halves 
consist  of  typical  vaso-dentine  without  dentinal  tubes,  just  like  that  of 
the  (3adid» ;  bat  aboye  the  middle,  dentinal  tubes  radiating  out  from  the 
central  pulp-chamber  begin  to  appear,  at  first  sparsely,  and  the  capillary 
canals  to  become  fewer,  till  the  apex  of  the  tooth  consists  of  ordinary 
fine-tubed  dentine,  in  which  few,  if  any,  capillary  channels  exist. 

And  in  Serrasalmo  there  are  teeth  which  are  throughout  composed  of  a 
dentine  permeated  by  dentinal  tubes,  but  in  the  basal  half  of  the  tooth  a 
few  capillary  channels  are  present.  From  such  a  form  of  dentine  to 
ordinary  hard  unvascular  dentine  is  but  a  short  step. 

The  deyelopment  of  osteo-dentine  is  illustrated  by  a  description  of  the 
teeth  of  a  pike ;  the  outer  layer  is  developed,  like  dentine,  from  a  layer 
of  cells  analogous  to,  though  less  specialized  than,  odontoblasts ;  and  so 
soon  as  this  has  been  calcified  the  interior  of  the  tooth  is  formed  by  a 
rapid  ossification,  just  as  the  subjacent  bone  is  formed. 

Yaso-dentine  therefore  differs  much  less  from  true  or  unvascular 
dentine  than  osteo-dentine  does,  the  relation  between  the  three  tissues 
being  well  seen  in  the  teeth  of  SparidiB. 

In  SarguB  ovis  the  incisor-like  front  teeth  appear  to  be  implanted  by  long 
roots ;  these  are  formed  by  the  dentinal  formative  pulps,  just  as  are  the 
roots  of  ordinary  rooted  teeth. 

But  there  is  this  peculiarity  in  the  nature  of  the  process :  the  dentinal 
pulp,  80  long  as  the  "  crown  "  (or  portion  which  will  be  above  the  bone)  is 
being  developed,  is  converted  into  fine-tubed  wivasciLlar  dentine ;  but  so 
soon  as  the  root  or  implanted  portion  commences  to  be  formed,  this 
same  dentinal  pulp,  the  apex  of  which  is  even  yet  forming  unvascular 
dentine,  calcifies  into  vaso-dentine.  Without  there  being  any  exact 
break  or  breach  of  continuity,  the  change  from  true  dentine  to  vaso- 
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dentine  is  sudden,  and  the  tooth  is  easily  broken  off  at  this  point. 
When  the  greater  part  of  the  length  of  the  root  has  been  formed  the 
manner  of  calcification  again  changes,  this  time  not  so  abruptly,  till  near 
to  the  end  of  the  root  the  dentinal  pulp  becomes  converted  into  osUo- 
dentine^  which  is  quite  indistinguishable  from  and  blends  insensibly  with 
the  surrounding  coarse  bone  by  which  the  tooth  is  fastened  into  the 
socket;  there  is,  in  fact,  no  reason  for  calling  it  any  thing  else  than 
coarse  bone,  except  the  fact  that  it  is  the  product  of  calcification  of  a 
dentinal  pulp.  In  this  case  a  single  dentinal  pulp  forms  first  hard 
dentine,  secondly  yaso-dentine,  and  at  last  osteo-dentine. 

Another  variety  of  complex  dentine  is  brought  about  by  foldings  and 
subdivisions  of  the  formative  pulp  :  both  vaso-dentine  and  osteo-dentine 
are  formed  by  the  calcification  of  simple  pulps  ;  but  in  many  instances 
the  odontoblast-bearing  surface  of  the  pulp  is  itself  complicated  in  form, 
and  a  dentine  arranged  as  it  were  round  many  pulp-chambers  is  the 
result. 

For  this  no  better  name  than  puci-nsirmrE  (also  a  term  already  in  use) 
suggests  itself :  it  is  to  be  seen  in  its  simpler  form  at  the  base  of  the 
teeth  of  LepidosteuSf  in  greater  complexity  at  the  base  of  the  teeth  of 
Varanu$f  and  in  exceeding  complexity  in  the  teeth  of  Labyrinthodont». 

The  author  would  distinguish,  therefore : — 

(i)  Hard  wwascular  dentine^  the  characters  of  which  are  sufficiently 
known. 

(il)  Vaso-dmtine^  which  is  developed  from  odontoblasts  after  the 
manner  of  dentine,  but  contains  an  anastomosing  network  of 
canals  modelled  around  and  containing  capillaries. 

(iii)  Pliei'dentine^  developed  from  odontoblasts,  but  from  a  complicated 
pulp,  so  that  it  is  more  or  less  divided  up  into  distinct  systems 
of  dentinal  tubes. 

(iv)  OsUa-dentine^  developed  from  osteoblasts,  like  bone,  and  quite 
unlike  dentine ;  permeated  by  a  system  of  large  canals,  which  do 
not  contain,  or  have  any  special  relation  to,  blood-vessels. 

The  author  lays  no  stress  on  the  characters  formerly  given  as  distinc- 
tive of  osteo-dentine  (».  e.  a  laminated  arrangement  of  the  matrix  and  the 
presence  of  lacunsD),  because  (i)  lamination  of  the  matrix  is  not  unknown 
in  vaso-dentine,  (ii)  lacuneo  are  very  frequently  absent  irom  bone  in 
fishes,  and  very  frequently  from  osteo-dentine,  so  that  these  characters, 
as  those  who  have  tried  to  apply  them  have  found,  are  not  useful  in 
practice. 

The  attachment  of  the  teeth  of  the  hake  is  so  peculiar  as  to  merit  a  word 
of  notice :  the  inner  and  longer  of  the  two  rows  of  teeth  are  set  upon  elastic 
hinges,  which  allow  of  their  being  bent  inwards  towards  the  throat,  but 
cause  them  at  once  to  spring  back  into  the  upright  position  when  pres- 
sure is  taken  off  them.  This  arrangement,  shared  by  the  angler,  was 
hardly  to  be  expected  in  one  of  the  Gadidsa ;  but  the  author  has  found  in 
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others  of  the  family  steps  towards  this  highly  specialised  arrangement, 
the  benefit  of  which  to  a  voracious  predatory  fish,  such  as  the  hake,  is 
obvious*. 

The  common  cod  has  teeth  which  admit  of  a  small  amount  of  motion 
only ;  but  a  comparison  of  them  with  those  of  the  hake  shows  clearly  that 
a  further  modification  in  the  same  direction  would  lead  to  an  attachment 
similar  to  that  of  t^e  latter  fish. 

The  haddock,  which  in  this  respect  is  a  fiur  representatire  of  the 
family,  has  teetii  which  admit  of  no  motion  at  all. 


m.  *'  Note  on  the  Early  Stages  of  Development  of  the  Nerves 
in  the  Chick.*'  By  A.  Milnes  Mabshall^  B.A.,  B.Sc,  of 
St.  John's  College^  Cambridge.  Communicated  by  Dr. 
MicHAZL  Foster,  P.R.S.,  Prelector  of  Physiology  in  Trinity 
CoU^e,  Cambridge.     Received  February  13,  1877. 

In  the  investigations  here  described  embryos  of  ages  from  thirty-six 
hours  to  four  days  were  employed.  These  were,  for  the  most  part, 
hardened  by  immersion  in  picric  acid,  prepared  after  Kleinenberg's 
method,  for  three  to  five  hours,  and  then  in  alcohol  of  gradually  increasing 
strength.  It  is  to  the  use  of  picric  acid  as  a  hardening  agent  that  the 
results  obtuned  are  believed  to  be  in  large  measure  due.  All  the  more 
important  results  have,  however,  been  confirmed  by  specimens  hardened 
in  chromic  add  in  the  usual  manner,  though  such  specimens  have 
almost  invariably  proved  inferior  in  distinctness  to  those  prepared  with 
picric  add.  Good  results  have  also  been  obtained  from  duck-embryos 
hardened  in  picric  acid. 

Owing  to  the  less  compact  character  of  the  mesoblast  of  the  head  and 
to  the  absence  of  protovertebrse,  the  development  of  the  cranial  nerves  is 
easier  to  study  than  that  of  the  spinal,  and  will  therefore  be  considered 
first. 

Transverse  sections  through  the  hind  brain  of  a  forty-three  hours' 
chick  show  that  the  cells  along  the  median  dorsal  line  are  more  spherical 
in  shape  and  slightly  smaller  than  those  composing  the  rest  of  the  brain ; 
also  that  these  spherical  cells  grow  upwards,  so  as  to  form  a  conspicuous 
longitudinal  ridge  running  along  the  upper  surface  of  the  hind  brain 
immediately  beneath  the  external  epiblast. 

This  ridge  is  traceable  along  the  whole  length  of  the  hind  brain,  but  is 
much  more  prominent  posteriorly  than  it  is  in  front,  where  it  gradually 
disappears.    At  intervals  the  ridge  becomes  more  prominent,  and  grows 

*  Since  the  accompanying  paper  was  placed  in  the  handa  of  the  Boyal  Society,  the 
author  has  found  that  the  vomerine  and  palatine  teeth  of  the  pike  preeent  a  similar 
hinged  manner  of  attachment,  so  that  they  oppose  no  obstacle  to  the  swallowing  of 
prey  seixed  by  the  fish. 
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out  laterallj  into  paired  processes.  These  processes  are  the  rudiments  of 
the  cranial  nerves ;  the  cells  composing  them  are,  like  those  of  the  ridge 
itself,  small  and  spherical,  and  differ  markedly  from  both  the  elongated 
cells  of  the  external  epiblast,  and  the  large,  loosely  arranged,  branching 
and  irregularly  shaped  mesoblast  cells. 

At  forty-three  hours  the  first  pair  of  these  processes  arises  from  the 
anterior  part  of  the  hind  brain ;  it  subsequently  develops  into  the  fifth 
nerve. 

Immediately  in  front  of  the  auditory  involution  (which  at  this  period 
is  a  wide  and  very  shallow  pit)  a  large  outgrowth  arises  on  either  side, 
from  which  the  facial  and  auditory  nerves  are  derived. 

A  large  outgrowth  from  the  median  ridge  commences  on  either  side  a 
short  distance  behind  the  auditory  pit,  and  is  of  considerable  longitudinal 
extent,  reaching  as  far  back  as  the  middle  of  the  first  protovertebra. 
From  this  outgrowth  are  developed  the  glossopharyngeal  nerve  and  the 
several  branches  of  the  vagus. 

The  outgrowth  of  spherical  cells  from  the  summit  of  the  neural 
canal,  forming  the  longitudinal  ridge  above  alluded  to,  is  not  con- 
fined to  the  hind  brain,  but  is  continued  backwards  without  any  break 
some  distance  down  the  spinal  cord.  In  the  spinal  cord,  as  in  the  brain, 
this  ridge  gives  off  at  intervals  paired  lateral  processes,  which  extend 
outwards  just  beneath  the  superficial  epiblast.  These  processes  corre- 
spond in  number  to  the  protovertebree,  and  are  the  rudiments  of  the 
posterior  roots  of  the  spinal  nerves.  Each  process  has  a  longitudinal 
extension  equal  to  about  half  a  protovertebra,  opposite  the  posterior 
part  of  which  it  is  situated.  In  the  case  of  the  first  few  spinal  nerves 
the  processes  are  somewhat  larger,  and  extend  back  so  as  to  overlap  the 
anterior  parts  of  the  succeeding  protovertebrse. 

This  description,  it  is  believed,  differs  from  any  previously  published 
account  of  the  development  of  the  nerves  in  the  chick,  but  agrees  re- 
markably closely  with  Balfour's  *  account  of  the  development  of  the 
nerves,  both  cranial  and  spinal,  of  Elasmobranchs,  and  is  in  accordance 
with  Hensen'st  observations  on  the  development  of  the  posterior  roots 
of  the  spinal  nerves  in  the  rabbit. 

Opposite  the  centre  of  each  protovertebra  the  external  epiblast  grows 
downwards  as  a  small  conical  process  on  either  side  of  the  spinal  cord 
and  in  dose  contact  with  it.  These  processes  were  mistaken  by  Hist 
for  the  commencements  of  the  spinal  nerves,  but  are  clearly  seen  to  have 
no  connexion  whatever  with  the  nerve-rudiments.  His  is  the  only  pre- 
vious observer  who  assigns  an  epiblastic,  instead  of  a  mesoblastic,  origin 
to  the  nerves  in  the  chick ;  he,  however,  derives  them  directly  from  the 


»  Phil.  Trans,  vol.  166,-pt.  1. 

t  Zeitachrift  f.  Anatomie  u.  Bntwickelungflgescbicbte,  1676,  Bd.  i. 
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exlemal  epiblast,  while,  according  to  the  description  just  given,  they 
reallj  arise  from  the  involuted  epiblast  of  the  neural  canal. 

From  their  mode  of  origin  the  cranial  and  the  anterior  spinal  nerves 
win  be  seen  to  be  all  connected  together  at  first  by  a  longitudinal 
commissure  of  spherical  cells,  while  the  two  nerves  of  each  pair,  whether 
cranial  or  spinal,  are  also  connected  together  across  the  top  of  the 
neural  amal. 

The  attachment  of  the  nerve,  whether  cranial  or  spinal,  is  at  first  to 
tiie  extreme  summit  of  the  neural  canal.  Shortly  after  their  appearance 
the  attachments  shift  slightly  outwards,  and,  in  the  case  of  the  spinal 
nerve,  become  much  more  slender.  This  shifting  is  believed  to  be 
apparent  rather  than  real,  and  to  be  caused,  as  first  suggested  by  Bal- 
four, by  rapid  growth  of  the  cells  at  the  summit  of  the  canal,  which 
has  tiie  effect  of  separating  the  roots  of  the  two  sides  from  one  another 
and  forcing  them  apart. 

Though  the  proximal  part  of  the  nerve-root  becomes  thus  more  slender 
in  the  spinal  nerves,  the  distal  part  enlarges  considerably,  and  grows  down 
as  an  oval  mass  (the  spinal  ganglion)  between  the  spinal  cord  and  the 
protovertebrse.  At  this  period  the  most  prominent  part  is  situated 
opposite  the  interval  between  two  protovertebraB. 

During  the  third  day  a  great  change  occurs  in  the  point  of  attachment, 
whidi  is  now  considerably  lower  down,  in  the  position  occupied  by  the 
root  in  the  adult.  The  nerve  is  now  attached,  not  by  it«  apex,  but  by  a 
small  process  growing  out  from  its  side,  and  projects  considerably  above 
the  point  of  attachment.  Owing  to  the  surrounding  mesoblast  this  stage 
is  very  difficult  to  investigate ;  but  the  appearances  strongly  suggest  that 
the  original  attachment  of  the  nerve  to  the  summit  of  the  cord  is  lost, 
and  a  new  one  acquired  lower  down,  and  that  the  projection  of  the  nerve 
above  the  point  of  attachment,  which  becomes  inconspicuous  very  shortly 
afterwards,  is  a  remnant  of  the  original  attachment. 

The  anterior  roots  of  the  spinal  nerves  arise  later  than  the  posterior, 
and  have  not  been  observed  earlier  than  the  latter  part  of  the  third  day. 
They  appear  as  small  outgrowths  from  the  lower  part  of  the  sides  of  the 
spinal  cord,  and  from  the  first  occupy  the  position  held  by  them  in  the 
adult.  This  position  is  indicated  before  the  actual  appearance  of  the 
roots  by  a  slight  convergence  of  the  cells  at  the  outer  part  of  the  cord. 
The  anterior  roots  are  very  slender,  and  consist  of  much  elongated  cells, 
contrasting  strongly  with  the  spherical  or  oval  cells  of  the  posterior 
roots. 

Early  on  the  fourth  day  each  anterior  root  consists  of  a  number  of 
such  processes  placed  one  behind  the  other,  and  lying  opposite  the  anterior 
half  of  a  protovertebra.  The  total  length  of  attachment  of  an  anterior 
root  on  the  fourth  day  is  equal  to  about  half  a  protovertebra. 

The  anterior  roots  grow  outwards,  and  early  in  the  fourth  day  join 
with  the  posterior  roots  to  constitute  the  spinal  nerves. 

VOL.  IXVI.  * 
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In  the  cranial  nerves  no  anterior  roots  have  been  observed ;  but  as 
the  observations  have  not  been  carried  beyond  the  fourth  day,  and  certain 
of  the  cranial  nerves  have  not  been  observed  at  all,  no  conclusion  as  to 
their  non-existence  is  to  be  drawn  from  this  fact,  which  can  onlj  be 
considered  a  doubtful  coniSrmation  of  Balfour's  failure  to  discover  ante- 
rior cranial  roots  in  Elasmobranchs*. 

The  facial  and  auditory  nerves  have  been  seen  to  arise  as  a  single  out- 
growth just  in  front  of  the  ear ;  this  speedily  divides  into  an  anterior 
part,  which  runs  downwards  in  front  of  the  auditory  vesicle  and  becomes 
the  &cial  nerve,  and  a  posterior  part,  which  is  closely  applied  to  the 
anterior  wall  of  the  auditory  vesicle  and  becomes  the  auditory  nerve. 

The  fifth  nerve  arises  as  a  single  outgrowth  on  either  side,  the  posi- 
tion of  which  is  very  constant.  The  so-called  "hind  brain"  consists 
at  forty-three  hours  of  an  apparently  variable  number  of  dilatations 
separated  by  slight  constrictions,  and  gradually  decreasing  in  size  from 
before  backwards.  These  dilatations  are  well  known,  but  appear  to  possess 
more  constancy  than  is  usually  ascribed  to  them ;  the  most  anterior  of 
them  is  but  little  smaller  than  the  mid  brain.  From  it  the  fifth  nerve 
arises  in  all  the  specimens  examined. 

The  third,  fourth,  and  sixth  nerves  have  not  been  observed ;  but  a 
slight  outgrowth  from  the  summit  of  the  mid  brain,  noticed  in  two 
specimens  only,  may  prove  to  be  the  commencement  of  the  third  or 
fourth. 

•The  ol&ctory  nerves  arise  towards  the  end  of  the  third  day  as  solid 
outgrowths  from  the  anterior  end  of  the  fore  brain,  close  to  the  median 
dorsal  line,  and  exactly  correspond  in  mode  of  development  and  in  ap- 
pearance with  the  other  cranial  nerves  and  with  the  posterior  roots  of 
the  spinal  nerves.  They  arise  at  a  time  when  a  section  through  the 
anterior  part  of  the  fore  brain  transverse  to  its  longitudinal  axis,  and 
passing  through  the  olfactory  pits  and  nerves,  is  almost  perfectly  circu- 
lar in  outline,  and  must  therefore  be  described  as  arising  from  the  fore 
brain  itself,  and  not  from  the  cerebral  hemispheres,  with  which  they  have 
no  connexion  at  first,  and  which  are  not  nearly  such  prominent  objects 
at  the  end  of  the  third  day  as  they  are  often  described  to  be.  There  is  no 
trace  of  an  "  ol&ctory  vesicle  **  in  the  early  stages. 

This  mode  of  development  of  the  olfactory  nerve  in  the  chick  would 
seem  to  be  of  considerable  morphological  importance,  since,  if  confirmed, 
any  arguments  concerning  the  composition  of  the  skull,  based  on  the 
distribution  of  the  cranial  nerves,  would  have  in  future  to  take  the 
olfoctory  nerves  into  consideration. 

»  Loo.  cH,  p.  189 
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IV.  '^  Notes  on  Physical  Geolc^.**  By  the  Rev.  Samuel 
Haughton,  M.D.  Dublin,  D.C.L.  Oxon.,  F.R.S.,  Professor  of 
Geology  in  the  University  of  Dublin.  Received  February  15, 
1877. 

No.  I.  Prdiminary  PormvlcB  relating  to  the  internal  change  of  position 
of  the  Earth's  Axis,  arising  from  Elevations  and  Depressions  caused 
by  Geological  Changes. 

1.  If  the  earth's  surface  be  an  ellipsoid  of  revolution,  whose  moments 
of  inertia  round  the  polar  and  equatorial  axes  are  C  and  A,  and  if  /i  be 
the  mass  of  a  mountain  placed  on  any  meridian,  with  coordinates  2,  or, 
it  is  required  to  find  the  change  of  position  in  the  earth's  axis  caused 
by  the  addition  of  the  mass  /i  (supposed  in  the  first  instance  to  be  placed 
upon  Ihe  earth  ah  extra).    If  X  be  the  latitude  on  which  /i  is  placed,  we 

have  tan  Xs-;  and  if  6  be  the  angle  made  with  the  earth's  axis  by  any  axis 

X 

in  the  meridian  of  /i,  if  I  be  the  total  moment  of  inertia  round  this 
axb,  we  have 

I«Asin*^+Ccos'^ 

+/i(ic'cos*d+2'8in2  ^— 2;r2sin^.cosd).     ...    (1) 

The  new  axis  of  rotation  is  that  which  makes 

las  maximum,  or  (21=0, 
from  which  we  find,  after  some  reduction, 

If  we  make  6  ss  maximum,  or  dfis^O,  we  ascertain  the  position  in 
which  the  mass  ^  must  be  placed  so  as  to  produce  the  maximum  shift  in 
the  position  of  the  earth's  axis. 

Differentiating  (2),  we  find 

and  from  the  equation  of  the  ellipse 

we  hare 

tds    xdx 

e2 
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from  which  we  obtam,  finally, 

(C-A)(J-^-K*'+^=0; 

•        z 
or,  since  -ss  tan  X,  after  some  reductions, 

This  determines  the  position  in  which  the  mass  /i  will  produce  the  maxi- 
mum effect  in  displacing  the  earth's  axis. 

2.  In  order  to  make  use  of  the  preceding  formulae  in  calculation,  it  is 
necessary  to  determine  the  absolute  numerical  values  of  C  and  A,  which 
may  be  done  as  follows : — 

From  Qairaut'^  theorem*  we  obtain 

C-A=^'(2,-j),      (4) 

where  Ms=mass  of  the  earth, 
as  equatorial  radius, 

e=ellipticity=:  — , 

9=s ratio  of  centrifugal  force  to  gravity  at  the  equator  =nuTi- 

Prom  observations  on  Precession  and  Nutationt  we  find 

C~A_  1 
C       306*    • 

Prom  equations  (4)  and  (5)  we  obtain 
A      Ma»  1 


(5) 


C-A= 


307' 
Ma» 
935-6' 


Substituting  in  (2)  and  assuming  ps=^,  we  find 

-tan  2^=     935>6psin2X 

l-f935-6pcos2V 

•  Cambridge  and  Dublin  Mathematical  Journal  (new  series),  vol.  Ti.  p.  18i. 
t  Lererrier  and  Serret,  '  Annales  de  TObeerratoire  de  Paris,'  1859,  p.  324. 
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or.  Delecting  gmall  quantities, 

—tan  2^=935-6  p  sin  2\ (7) 

This  equation  shows  that  the  pole  moves  away  from  the  mass  /i,  and 
that  this  mass  h  most  effective  at  the  ktitude  of  45°. 

3.  In  order  to  apply  the  preceding  to  the  case  of  our  actual  conti- 
nents and  oceans,  we  integrate  (7)  along  the  meridian  as  follows, 

where 

r=  radius  of  earth, 
I  s  longitude, 
X=  latitude, 

t  =  height  of  continent  or  depth  of  sea  above  or  below  the 
zero  plane. 

Hence  we  have 

tan  2d=2^=-935-6  ^Pcos  X  sin  2\dk, 


and  finally 

M 


d= -.935-6  r^^a-cos^X) (8) 


The  zero  plane,  from  which  t  is  measured,  is  the  surface  of  the  ellip- 
soid similar  to  the  sea-surface,  and  containing  the  same  volume  as  the 
total  solid  matter  of  the  globe.  It  is  thus  found :  assuming  the  mean 
height  of  the  continents  above  the  sea-level  at  about  1000  feet,  and  the 
mean  depth  of  the  ocean  at  about  two  miles,  we  have,  in  miles, 

2.2L 

*=W+L w 

where  x  is  the  height  of  the  zero  plane  above  the  present  mean  sea- 
bottom,  and  L,  W  are  the  areas  of  land  and  water  : 

Ls=  52  millions  of  square  miles. 
W=145      „ 

Substituting  in  (9)  we  find 

a?=0-58  mile. 

The  zero  plane,  therefore,  or  original  surface  of  the  solid  earth  before 
it  became  wrinkled  by  geological  forces,  lies  at  a  depth  of  1*42  foot 
below  the  sea-level.    In  using  equation  (8)  we  must  therefore  write 

t=  -f-1'62  mile  (continent). 
t=— 0*58     „     (ocean). 
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In  calculating  the  motion  of  the  pole  caused  by  the  ocean  excavations, 
the  weight  of  the  sea-water  must  be  considered,  and,  by  chance,  it  hap- 
pens that  the  weight  of  the  sea-wat^r  somewhat  more  than  counter- 
balances the  weight  of  the  sur&ce-rock  excavated ;  so  that  the  depressicm 
of  the  ocean-surfaces  of  the  earth  beneath  the  zero  plane  have  had  little 
or  no  effect  in  shifting  the  position  of  the  pole. 

Assuming  1*026  and  2*75  as  the  densities  of  sea-water  and  surfaoe- 
rock,  we  have  for  the  excess  of  weight  of  water  added  above  that  of  rock 
excavated,  expressed  in  depth  of  rock,  in  miles, 

2  X  1*026-0*58  x2*75^Q..^y^^^ 

2*75  V     #  mil  . 

The  introduction  of  the  weight  of  the  sea  will  thus  give  us  (raising 
the  zero  plane  by  0*17  of  a  mile) 

tss  +1*^  mile  (continent), 
«=     0*00    „    (ocean). 

The  formulas  (8)  may  be  brought  into  a  shape  fit  for  calculation  in  the 
following  way : — multiplying  both  sides  by  r  we  have 

rfl=  -935*6!!!^(l-cos3X), 
M 

which  gives  the  displacement  of  the  pole  in  English  miles.   If  we  assume, 
for  convenience  of  the  quadrature, 

<??=5°, 
we  have         2^=7916  miles, 
rdl^Mb      „ 

<=sl*45  mile, 
Masl^'orr^  cubic  miles  of  surface-rock,  which  has  half  the 
mean  density  of  the  entire  earth. 

We  may  calculate  from  these  data 

M=  519440  milHon  cubic  miles  of  surface-rock, 
r3<c^fc7836*6       „ 

Hence,  finally, 

ra= -14*11(1- cos^X) (10) 

This  equation  expresses  that  a  semilune  of  continent  5^  in  width, 
elevated  from  the  pole  to  the  equator,  being  345  miles  in  width  at  the 
equator  and  zero  at  the  pole,  will  push  the  earth's  axis  away  from  it 
though  a  distance  of  14*11  miles. 

If  we  imagine  a  continent  occupying  90^  of  longitude  of  a  semilune, 
and  extending  from  the  equator  to  the  pole,  we  find,  if  I  denote  the  hour- 
angle  from  the  meridian  bisecting  the  continent, — 
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Long. 

I-oomX. 

2ooa{(l-oM^X). 

45 

1-00 

1-42 

40 

1-00 

1-52 

35 

1-00 

1-64 

30 

1-00 

1-74 

25 

1-00 

1-80 

20 

1-00 

1-88 

15 

1-00 

1-92 

10 

1-00 

1-96 

5 

1-00 

1-98 

0 

1-00 

2-00 

Total....  17-86 

The  displacement  of  the  pole,  in  miles,  produced  by  this  imaginary 
continent  is,  by  equation  (10), 

re =-14-11 X 17-86 «— 252  mUes. 

No.  IL  On  the  amount  of  shifting  of  the  Earth's  AanSy  already  caused  by 
the  elevation  of  the  existing  Continents. 

Having  shown  in  the  preceding  note  that  the  motion  of  the  earth's 
axis  caused  by  the  geological  wrinkling  of  the  earth's  surface  depends 
(in  consequence  of  the  weight  of  the  sea-water)  only  on  the  continents, 
it  remains  for  me  to  calculate  the  numerical  amount  of  change  of  aids 
produced  by  each  of  the  existing  continents. 

For  this  purpose  I  select  the  following  meridians  for  the  coordinates 
T  and  X  of  the  motion : — 

Greenwich  0  +T 

Bangoon 90  —X 

Behring's  Strait 180  -T 

Yucatan 270  +X 

Beckoning  the  longitudes  eastward,  round  the  whole  circumference  of  the 
earth,  the  equation  (10)  generalized  becomes 

r0= -14-11  (cos^V-cos'X), (11) 

in  which  the  meridian  of  each  5°  of  longitude  is  used,  X'  and  X  being  the 
lowest  and  highest  degrees  of  latitude  of  the  land  on  each  meridian. 

The  expression  cos*  X'— cos*  X  18  found  by  observation  on  the  globe, 
and  resolved  into  its  components  X  and  Y,  regarding  the  North  Pole 
as  the  axis  moved.    We  thus  find 
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I.  BuHOPE  AND  Asia. 


Long. 

cos>X'-cosX. 

X, 

T. 

350 

0-18 

-0-03 

-0-17 

355 

0-35 

-0-03 

-0-34 

360 

0-18 

-0-00 

-0-18    X=-0-06 

5 

0-23 

+  0-02 

-0-23 

10 

0-28 

+0-05 

-0-27 

15 

0-28 

+0-07 

-0-27 

20 

0-39 

+0-13 

-0-36 

25 

0-49 

+0-20 

-0-44 

30 

0-49 

+0-24 

-0-42 

35 

0-76 

+0-43 

-0-62 

40 

0-83 

+0-53 

-0-63 

45 

0-84 

+0-59 

-0-59 

50 

0-78 

+0-60 

-0-50 

55 

0-76 

+0-62 

-0-43 

60 

0-68 

+0-59 

-0-34 

65 

0-68 

+0-62 

-0-29 

70 

0-84 

+0-79 

-0-29 

75 

0-89 

+0-86 

-0-23 

80 

0-77 

+0-76 

-0-13 

85 

0-68 

+0-67 

-0-05 

90 

0-77 

+0-77 

0-00    T=-6-78 

95 

0-89 

+  0-88 

+0-08 

100 

0-89 

+0-87 

+0-15 

105 

0-89 

+0-86 

+  0-23 

110 

0-77 

+0-72 

+0-26 

115 

0-77 

+0-70 

+0-32 

120 

0-49 

+0-42 

+0-29 

125 

0-49 

+0-40 

+0-28 

130 

0-39 

+  0-30 

+0-26 

135 

0-39 

+0-27 

+0-27 

140 

013 

+0-08 

+  0-10 

145 

0-06 

+0-03 

+  0-05 

150 

0-06 

+0-03 

+0-05 

155 

0-11 

+  0-05 

+0-10 

160 

0-06 

+002 

+0-05 

165 

0-06 

+0-01 

+0-06 

170 

0-06 

+0-01 

+0-06 

175 

0-01 

0-00 

+0-01 

180 

0-00 

0-00 

0-00 

X=  + 14-19     Y=+2-62 
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Hence  we  obtain,  finally, 

X= -0-06 +14-19= +  1413, 
T=— 6-78+  2-62=-4-16. 

Moltipljing  these  results  by  14-11,  the  coefficient  of  equation  (11),  wo 
find  the  following  displacements  in  miles  :^- 

X  (towards  Yucatan)  =  199-4  miles, 

Y  (towards  Behring's  Strait)=58-7  miles. 

Compoonding  these  together  we  find 

VXHY^=20M  miles, 
^=tan^, 

^  =  73*^  35'  W.  of  Greenwich. 
This  resultant  coincides  with  the  meridian  of  the  Andes, 


n.   AfBICA. 

North  Africa. 

Long. 

coi?X-oo.'X.               X. 

T. 

345 

0-21 

-0-05 

-0-20 

350 

0-44 

-0-07 

-0-43 

355 

0-44 

-0-04 

-0-43 

X=-0-16 

360 

0-44 

0-00 

-0-44 

5 

0-44 

+0-04 

—0-43 

10 

0-32 

+0-05 

-0-31 

15 

0-35 

+0-09 

-0-34 

20 

0-35 

+0-12 

-0-33 

25 

0-35 

+0-15 

-0-32 

30 

0-35 

+0-17 

-0-30 

35 

017 

+0-10 

-014 

40  ■ 

0-05 

+0-03 

-0-04 

X=  +  0-76 

45 

0-01 

+0-01 
South  Africa. 

-0-01 

T=.-3-72 

10 

017 

-0-03 

+0-17 

15 

0-45 

-0-11 

+0-43 

20 

0-45 

-0-15 

+0-38 

25 

0-35 

-0-15 

+0-32 

30 

0-26 

-013 

+0-22 

35 

017 

-0-10 

+0-14 

40 

0-00 

0-00 

0-00 

45 

0-21 

-0-15 

+  0-15 

X=-0-82 

T-  +  1-81 

, 
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Adding  all  together  we  obtain,  finally, 

Xb— 0-22ss  3*1  miles  (towards  Bangoon), 

Ys  -l'91s26«9 miles  (towards  Behring's  Strait). 

in.  NoBTH  Ahebica. 


Long. 

oo«»V-oo«'X. 

X. 

Y. 

19% 

0-06 

-0-01 

+0-06 

200 

0-13 

-0-04 

+0-12 

205 

0-06 

-0-02 

+0-05 

210 

0-06 

-0-03 

+005 

215 

0-06 

-003 

+0-05 

220 

0-06 

-0-04 

+0-04 

225 

0-13 

-0-09 

+0-09 

230 

0-21 

-016 

+0-13 

235 

0-49 

-0-40 

4^0-28 

240 

0-49 

-0-42 

+0-21 

245 

0-68 

-0-61 

+0-28 

250 

0-68 

-0-64 

+0-23 

255 

0-77 

-0-74 

+0-20 

260 

0-84 

-0-83 

+0-14 

265 

0-68 

-0-61 

+0-06. 

270 

0-65 

-0-65 

000 

T=+l-99 

275 

0-46 

-0-45 

-0-04 

280 

0-59 

-0-58 

-0-10 

285 

0-38 

-0-37 

-0-10 

290 

0-23 

-0-19 

-0-08 

295 

0-08 

-0-07 

-0-04 

800 

0-14 

-0-12 

-0-07 

305 

0-07 

-006 

-0-04 

310 

0-12 

-0-09 

-0-08 

315 

012 

-0-08 

-0-08 

320 

0-07 

-0-04 

-0-05 

825 

0-07 

-0-04 

-0-06 

330 

0-06 

-0-03 

-0-05 

335 

0-11 

-0-04 

-0-10 

340 

0-02 

0-00 

-0-02 

X=-7-48     T=-0-91 
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Henoe,  finally, 

X«  -7-48, 

T=+l-99-0-91=-|-l-08; 
or  Xs=  —7*48aB  105-5  miles  (towards  Bangoon), 

T=  + 1-08=  15-2  miles  (towards  Greenwich). 

lY.  SoiTTH  Ahibica. 


or 


North  of  Equator. 

Long. 

eot'V-oot'X. 

X 

Y. 

28d 

0-05 

-0-04 

-001 

285 

0-05 

-0-04 

-0-01 

290 

0-05 

-004 

-0-02 

295 

0-05 

-004 

-002 

300 

0-01 

-0-01 

0-00 

305 

0-01 

-001 

OKM) 

X=-018 

T=-0-06 

South  of  Equator. 

280 

0-05 

+0-05 

+0-01 

285 

0-10 

+0-09 

+0-02 

290 

0-88 

+0-82 

+0-30 

295 

0-56 

+0-50 

+0-23 

300 

0-47 

+0-41 

+0-24 

305 

0-45 

+0-37 

+0-26 

310 

0-26 

+0-20 

+0-17 

315 

0-25 

+0-17 

+017 

320 

0-09 

+006 

+007 

X=+2-67 

Y-+1-47 

[enoe,  finally. 

Xa 

-0-18+2-67= 

=  +2-49, 

T=. 

-0-06+1-47- 

»+l-41; 

Xs 

+2-49=:351  miles  (towards  Yucatan), 

T= 

+1'41  =  19'9  miles  (towards  Greenwich). 
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V.  AusTRixiA  Aio)  Pactfio  Islakds. 

Islands. 
Long.         oo8«X'-coa»X.  X.  Y. 

100  0-01  -O'Ol  0-00 

105  0-01  —0-01  000 

110  016  -0-15  -0-05 

115  0-33  -0-30  -0-14 

120  0-29  -0-25  -0-15 

125  0-35  —0-28  -0-20 

130  0-25  —0-19  -0-16 

135  0-29  —0-20  -0-20 

140  0-54  -0-35  -0-41 

145  0-48  -0-27  -0-39 

150  0-10  -0-05  -0-08 

155  0-00  0-00  0-00 

160  0-00  0-00  0-00 

165  0-14  -0-04  —0-13 

170  0-20  -0-03  -0-19 

175  0-05  -0-01  —0-04 

X=-2-14     Y=-2-14 
X=  —2*14= 30*2  miles  (towards  Rangoon), 
Y=— 2-14 =30-2  miles  (towards  Behring's  Strait). 
Collecting  all  the  preceding  results  into  one  Table,  we  see  the  relatiye 
effects  of  the  elevation  of  each  of  the  existing  continents  upon  the  posi- 
tion of  the  pole. 

Displacement  of  North  Pole  caused  bj  each  continent. 

Towards 
Towards       Behriiig*8      Towards      Towards 
Greenwich.      Strait.  Yucatan.    Baftgoon. 

miles.  miles.  miles.  molea. 

Europe  and  Asia 58*7         199-4         

Africa 26-9  3-1 

North  America     15-2  105-5 

South  America     19-9  35-1  

Australia,  &c 30-2         30-2 

The  power  of  Europe  and  Asia  in  moving  the  pole  is  partly  due  to 
the  extension  of  this  continent  along  the  parallel  of  45^,  which  is  the 
most  effective  latitude.  The  actual  effect  produced  by  Europe  and  Asia 
was  not  much  less  than  that  of  our  imaginary  continent  (Note  I.),  occu- 
pying one  eighth  part  of  the  surface  of  the  globe. 

The  foregoing  results  are  positive,  and  the  motions  of  the  pole  indi- 
cated must  have  actually  occurred  when  the  existing  continents  were 
formed.  But  simultaneously  with  these  elevations  depressions  must 
have  gone  on  elsewhere,  continents  disappearing  beneath  the  sea  and 
sinking  to  the  zero  plane,  while  other  continents  were  rising.     It  is  to 
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be  noticed  that  although  the  excavation  of  the  sea-bottom  to  its  present 
depth  below  the  zero  plane,  corrected  for  the  weight  of  the  ocean,  pro- 
duces no  motion  in  the  pole,  yet  that  the  depression  of  a  continent  down 
to  the  zero  plane  produces  a  motion  of  pole  equal  and  opposite  to  that 
produced  by  its  elevation.  I  have  calculated  the  hypothetical  efEects  of 
the  depression  of  imaginary  continents  occupying  the  sites  of  the  present 
Pacific  Ocean,  with  the  following  results  : — 


VI. 

NoBTH  Pact 

MO  OcEAK  (depreased). 

long. 

ooe»V-oo»»X. 

X 

T. 

100 

0-10 

-0-10 

-001 

105 

017 

-0-16 

-0-04 

110 

0-26 

-0-24 

-0-09 

115 

0-26 

-0-23 

-Oil 

120 

0-45 

-0-39 

-0-22 

125 

0-45 

-0-38 

-0-26 

130 

0-73 

-0-56 

-0-49 

135 

0-81 

-0-57 

-0-57" 

140 

0-88 

-0-66 

-0-67 

145 

0-88 

-0-50 

-0-72 

150 

0-88 

-0-44 

-0-76 

165 

0-88 

-0-37 

-0-80 

160 

0-88 

-0-30 

-0-83 

165 

0-81 

-0-21 

-0-78 

170 

1-00 

-017 

-0-98 

175 

1-00 

-0-09 

-0-99 

180 

1-00 

0-00 

-100    X--5-27 

185 

0-97 

+0-08 

-0-96 

190 

0-94 

+0-16 

-0-92 

195 

0-94 

+0-24 

-0-91 

200 

0-94 

+0-33 

-6-88 

205 

0-94 

+  0-39 

-0-85 

210 

0-94 

+0-47 

-0-81 

215 

0-90 

+0-51 

-0-74 

220 

0-81 

+0-52 

-0-62 

225 

0-70 

+  0-49 

-0-49 

230 

0-70 

+0-54 

-0-45 

235 

0-50 

+0-41 

-0-29 

240 

0-50 

+0-43 

-0-25 

245 

0-26 

+0-23 

-0-11 

250 

0-26 

+0-24 

-009 

255 

0-17 

+0-16 

—0-04 

260 

010 

+0-10 

-0-02 

265 

0-09 

+  008 

-0-01 

270 

0-07 

+  007 

0-00 

276 

006 

+0-06 

0-00 

X=+5-51  T= 

.-17-76 
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Hence,  finally, 

X=-  6-27+ 6-61= +0-24, 
T- -17-76; 
or  X=s  +  0*24a    3*4  miles  (towards  Yucatan), 

T- -17-76 -260-6  miles  (towards  Behring's  Strait). 

This  Table  shows  (inUr  alia)  the  remarkable  symmetry  of  the  North 
Pacific  Ocean  east  and  west  of  the  meridian  of  Behringfs  Strait. 

YIL  South  Fachic  Ooeak  (depressed). 


xmg. 

ooa'X'-ooa'X. 

X. 

T. 

140 

0-45 

+0-29 

+0-34 

145 

0-45 

+0-26 

+0-37 

150 

0-94 

+0-47 

+0-81 

165 

0-94 

+0-39 

+0-86 

160 

0-94 

+0-32 

+0-88 

165 

0-94 

+0-24 

+0-91 

170 

0-94 

+0-16 

+0-92 

175 

0-94 

+0-08 

+0-94 

180 

0-94 

0-00 

+0-94    X-4 

185 

0-94 

-0-08 

+0-93 

190 

0-94 

-0-16 

+0-92 

195 

0-94 

-0-24 

+0-91 

200 

0-94 

-0-32 

+0-88 

205 

0-94 

-0-39 

+0-85 

210 

0-94 

-0-47 

+0-81 

215 

0-94 

-0-54 

+0-77 

220  . 

0*94 

-0-60 

+0-72 

225 

0-94 

-0-66 

+0-66 

230 

0-94 

-0-72 

+0-60 

235 

0-94 

-0-77 

+0-54 

240 

0-94 

-0-81 

+0-47 

245 

0-94 

-0-85 

+0-39 

250 

0-94 

-0-88 

+0-32 

256 

0-94 

-0-91 

+0-24 

260 

0-94 

-0-92 

+016 

265 

0-94 

-0-93 

+0-08 

270 

0-94 

-0-94 

0-00    Y=.H 

275 

0*94 

-0-93 

-0-08 

280 

0-90 

-0-88 

-0-16 

285 

0-40 

-0-38 

-0-10 

X. 

1-13-28 

Y— 0-33 
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Hence,  finally, 

X=+  2-21- 13-28=: -11-07, 
¥=+17-21-  0-33= +16-88; 
or  X=  — 11*07  =s  156-2  miles  (towardB  Bangoon). 

T=  +16-88=238-2  miles  (towards  Greenwich). 

The  total  effect  of  a  continent  equal  to  the  North  Pacific  would  be 


be 


VX'+T»=260-6  miles, 
tan  (^)^  »^=.0°  47'  E.  of  180^ 
The  total  effect  of  a  continent  equal  to  the  South  Pacific  Ocean  woold 


VX»+Y*=.201-8  miles, 

tan  (^)  Y=  ^»23^  17'  E.  of  Greenwich. 


March  15, 1877. 
Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  receiyed  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  ''On  the  Tides  of  the  Arctic  Seas.— Part  VII.  Tides  of 
Port  Kennedy,  in  Bellot  Strait.^'  (Final  Discussion.)  By 
the  Bey.  Samuel  Hauohton,  M.D.  Dublin,  D.C.L.  Oxon.^ 
F.R.S.,  Fellow  of  Trinity  College,  Dublin.  Receiyed  February 
17, 1877. 

(Abstract.) 

The  tidal  observations  at  Port  Kennedy  were  made  hourly  for  23  days ; 
and  in  my  former  discussion  of  these  tides  (Part  YL)  I  used  only  the  ob- 
senrations  made  in  the  neighbourhood  of  H.  W.  and  L.  W.,  obtaining 
the  following  results  for  the  Tidal  Coefficients : — 

Diumdl  Tide.  Semiditmial  Tide, 

SaB23'4  inches.  Sai7-0  inches. 

t.=5*^  12».  f.- 

M«20-9  inches.  M=17-0  inches. 

V=0*^  34™.  t^-i-0''  12». 
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In  the  present  discussion  I  have  employed  all  the  hourly  observations 
made  during  the  23  days,  and  have  obtained  the  following  results  : — 

Diurnal  Tide.  Semidiurnal  Tide. 

S=  36-4  inches.  S  =  5*9  inches. 

M  =  1 8*5  inches.  M = 1 5'5  inches, 

t^  =  -  2*^  48".  i^ = e^  2|i«. 

The  present  more  complete  discussion  fully  confirms  the  result  before 
obtained  by  me  respecting  the  great  magnitude  of  the  Solar  Diurnal 
Tide  at  this  station,  and  also  shows  a  satisfactory  agreement  in  the  other 
coefficients  obtained  from  H.  "W.  and  L.  W.  observations  only. 

The  method  employed  in  the  present  paper  is  based  on  Fourier^s 
Theorem,  by  which  the  height  of  tide  is  expressed  as  follows : — 


where 


-I- Aj  cos  «+ Aj,  cos  2s+&c., 

+Bj  sin  «+Ba  cos  2«+&c., 

F= height  of  water. 
«= hour-angle  of  sun. 


The  coefficients  A^,,  Aj,  A^,  B^,  B„  &c.,  being  found  by  well-known 
formulee,  they  are  again  expressed,  by  Fourier's  Theorem,  as  follows : — 

+a^  cos  u+a^  cos 2u+  &c., 

-|-6j  sin  M+&a  sin  2u+&c., 

where  u  passes  through  all  its  changes  in  a  fortnight,  and  the  coefficients 
are  calculated  in  a  similar  manner. 

The  known  theoretical  formulae  for  the  Diurnal  and  Semidiurnal  Tides, 
expressed  in  terms  of  parallax,  declination,  lunar  and  solar  hour-angles, 
are  now  converted  into  functions  of  the  true  and  mean  anomaly  and  of 
the  sun's  hour-angle,  and  finally  into  simple  functions  of  »  and  u.  These 
expansions  are  now  compared,  term  by  term,  with  the  terms  of  the  tidal 
expansions  found  by  means  of  Fourier's  Theorem,  and  the  final  Lunar 
and  Solar  Tidal  Coefficients  calculated  out  with  ease. 

Although  the  short  period  of  observation  at  Port  Kennedy  (23  days) 
renders  this  method  of  discussion  not  much  more  valuable  than  the  usual 
method  of  H.  W.  and  L.  "W.  observations,  I  have  developed  it  at  length 
in  the  hope  of  applying  the  method  to  more  complete  series  of  Arctic 
Tides,  which  I  hope  shortly  to  lay  before  the  Boyal  Society. 

In  developing  this  method  I  found  it  necessary  to  make  use  of  the 
following  series,  for  which  I  am  indebted  to  my  friend  Mr.  Benjamin 
Williamson,  F.T.C.D.  :— 
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8in(aT)ri     ^  I 

coscut7= ^ — ^   -+2a 

X        [a 


8in  aXi 


2  sin  (qt)!     sin  a? 


C06^ 

coe2j? 
cobSx 
C06  4;r 


2sm2a? 
"  2«-a» 
,  dsinar 

^~¥:^ 

48m4:r 
"  4*-a' 
+  Ac. 


IL  "  Studies  in  the  Cliinoline  Series. — I.  Transformation  of 
Leucoline  into  Aniline.^'  By  Prof.  James  Dbwar.  Com- 
municated by  Prof.  A.  W.  Williamson,  Foreign  Secretary  of 
the  Royal  Society.     Received  February  19,  1877. 

In  a  preTious  research*  on  the  pyridine  series  of  bases  the  formation 
and  properties  of  dicarbopjridinic  add  were  described.  This  add 
derivatiye  is  related  to  pjrridine  in  the  same  manner  as  phthalic  add  to 
benzol.  It  was  then  pointed  out  that  the  members  of  the  pyridine  and 
diinoline  series  bear  to  one  another  a  similar  relation  to  that  of  benzol 
and  naphthaline,  the  following  analogies  being  given : — 

fC^,  fC,H,        C,IL  C.H.N 

JcX        iCA       CNk        C,H, 

Bensol.        Naphthaline.  Anthraoene.     Pyridine.       Ohinoline. 
An  extension  of  the  work  was  promised  in  support  of  these  theoretical 
relations. 

Our  knowledge  of  the  chinoline  series  has  made  little  progress  since 
the  masterly  and  exhaustive  investigation  of  Qreville  Williams  t,  proving 
the  isomerism  of  the  tar  and  cinchona  bases.  The  relations  of  these 
bodi^  are  still  very  obscure,  owing  to  the  great  stability  of  the  bases 
preventing  the  formation  of  derivatives  of  a  simpler  type.  Indeed 
some  of  the  most  interesting  products  obtained  from  these  Imses,  such  as 
•  *'  On  the  Ozidaiion  Products  of  Piooline,"  Tram.  Boyal  Soo.  Bdinb.  toI.  xxvi, 
t  Trans.  Boyal  Soc.  Edinb.  toI.  xzi. 
VOL.  XXVI,  r 
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the  blue  colouring-matter  cyanine,  have  a  more  complicated  structure,  all 
attempts  to  reach  gradationally  simpler  substances  of  known  constitution 
having  been  unsatisfactory.  Gkrhardt  remarked  that  "  En  g^n^ral  les 
reactions  de  la  quinoleine  sont  fort  peu  nettes"*.  It  is  the  object  of  this 
communication  to  render  the  relations  of  this  substance  a  little  more 
definite. 

In  the  paper  above  referred  to  it  was  shown  that  pyridine  might  be 
obtained  by  the  distillation  of  dicarbopyridinic  acid  with  soda-lime; 
and  as  the  add  had  been  made  from  the  oxidation  of  picoline  this  may 
be  regarded  as  a  means  of  passing  from  the  six-  to  the  five-carbon  base. 
It  seemed,  therefore,  important  to  ascertain  if  the  members  of  the 
chinoline  series  yielded  on  oxidation  any  similar  acid,  and  if  a  simpler 
base  could  be  obtained  by  subjecting  it  to  a  like  treatment. 

In  order  to  carry  out  this  investigation,  a  quantity  of  the  crude  high 
boiling-point  bases  occurring  in  coal-tar  was  procured,  and  after  repeated 
fractionation  on  the  large  scale  was  treated  in  the  following  manner,  to 
ensure  its  freedom  from  pyrrols,  phenols,  and  high  boiling-point  hydro- 
carbons. The  bases  were  dissolved  in  strong  nitric  acid,  separated 
by  means  of  soda,  distiUed,  and  again  treated  with  nitric  acid.  The 
addition  of  small  quantities  of  arsenious  acid  to  the  solution  was  con- 
tmued  for  some  hours.  The  bases  now  liberated  from  the  solution  of 
the  nitrate  were  fractionally  distilled,  and  the  specimens  boiling  between 
22QP  C.  and  240°  G.  were  regarded  as  tolerably  pure  leucoline.  It  has 
been  satis&ctorily  proved  by  Greville  Williams  that  no  amount  of  frac- 
tional distillation  will  yield  chemically  pure  members  of  this  series ;  so 
that  this  product  must  be  regarded  as  a  mixture  of  leucoline  and  irido* 
lino,  the  names  given  to  the  bases  in  coal-tar  isomeric  with  the  chino- 
line and  lepidine  obtained  from  cinchona.  In  various  experim^its 
specimens  were  used  which  had  been  more  carefully  fractionated,  the 
boiling-point  not  varying  more  than  2^  C. ;  but  the  products  obtained  were 
in  all  cases  similar. 

The  mode  in  which  the  oxidation  was  conducted  was  similar  in  all 
respects  to  that  described  in  my  former  paper ;  but  the  high  boiling-point 
of  the  base  and  the  rapidity  of  the  action  rendered  the  use  of  the  con- 
denser unnecessary.  The  general  method  of  working  was  as  follows : — 
129  grams  of  leucoline  were  dissolved  in  an  equivalent  of  sulphuric  acid 
and  the  solution  diluted  to  600  cubic  centimetres.  This  was  then 
divided  into  three  equal  parts,  to  each  of  which  was  added  a  hot  solution 
of  100  grams  of  permanganate  of  potash  in  about  a  litre  of  water,  witii 
constant  stirring  so  as  to  avoid  too  vigorous  an  action.  In  a  few  minutes 
the  whole  of  the  permanganate  is  reduced,  and  the  solution,  which  ought 
to  be  neutral,  having  been  made  slightly  alkaline,  is  filtered  from  the 
oxide  of  manganese  and  evaporated  to  a  small  bulk,  when  a  large  pro- 
portion of  the  sulphate  of  potash  crystallizes  on  cooling.  The  mother- 
liquor  was  next  carefully  acidulated  with  dilute  sulphuric  acid,  when  a 
*  'TraiU  de  Ohimie  Orgsnique/  par  M.  C.  Gerhardt,  torn.  iy. 
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resmous  mixtnTe  of  adds  separates.  The  crade  adds  maj  also  be  ob- 
tained  as  potash  salts  by  eyaporating  to  dryness  the  product  of  the 
reaction  and  extraction  with  alcohol.  The  aqueoos  solution  of  these 
potash  salts,  on  the  addition  of  acetate  of  lead,  yields  a  white  insoluble 
lead  salt  from  which  the  adds  may  also  be  separated. 

The  crude  mixture  of  adds  thus  obtained,  boiled  with  water  for  a  con- 
siderable time  and  filtered  from  an  oily  matter,  yields,  after  treatment  with 
a  little  animal  charcoal,  crystals  of  a  well-defined  add. 

Leueolinie  Actd^  C^H^NO,. — The  crystalline  substance  obtained  as 
above  described  is  mainly  composed  of  this  add,  which  may  be  obtained 
in  colourless  plates  or  needles  by  a  few  crystallizations.  The  acid  melts  at 
162°  C,  is  slowly  volatilized  when  heated  to  1 10°  C.  in  a  current  of  hydrogen, 
and  communicates  a  characteristic  aromatic  odour  to  the  vapour  from  a  hot 
aqueous  solution.  The  add  may  be  most  conveniently  crystallized  from  an 
aqueous  solution,  being  slightly  soluble  in  cold  wilier.  Although  soluble 
in  alcohol  and  ether  the  add  is  generally  rendered  slightly  coloured,  from 
an  apparent  oxidation,  when  crystallized  from  these  menstrua. 

The  salts  of  this  add  are  for  the  most  part  soluble,  the  more  notable 
exceptions  being  the  lead,  mercurous,  and  ferric  salts.  The  silver  salt 
crystallizes  in  fine  needle-shaped  crystals. 

Analyses  of  different  specimens  of  the  add  and  silver  salt  yielded  tiie 
foDorwing  results : — 

Aoid.                                  L              n.  HL 

Weight  of  add  taken 0-1625  0-3345  0-2316 

Carbonic  anhydride  produced..     0-3620  0-7450  0-5110 

Water 0-0790  0-1595  0-1060 

Galculated  centesimally  these  figures  give : — 

I.  n.  in.       OANO,. 

Carbon 60-75        60-74        60-20        60SB3 

Hydrogen....       6-40  5-30  5-09  6-02 

Silver  Salt                               I.  H.           IIL 

Weight  of  salt  taken :..     0-5115  0-3206  0-4926 

Carbonic  anhydride  produced..     0-7080  0-4390  0-6938 

Water  produced 0-1300  0-0850  0-1276 

Silver    0-1868 

Calculated  centesimally  these  figures  give : — 

I.  n.  ra.     OAAgNO,. 

Carbon 3773   37-34    38-39   37-76 

Hydrogen....   2-82    2-94    2-88    2-79 

Sflver 37-93        37-76 

A  quantity  of  the  silver  salt,  weighing  0-1274  gram,  ignited,  left 
0-04816  gram  of  sOver,  corresponding  to  37-79  per  cent. 

Nitrogen  Determination, — ^The  nitrogen  was  found  by  Gottlieb's  method 
to  bear  to  the  carbonic  anhydride  produced  the  volume  ratio  of  1  to  18*4 
and  1  to  18-8. 

¥2 
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An  absolute  determination  of  the  nitrogen  was  made  with  the  follow- 
ing results : — 

Weight  of  acid  taken 0*1087  gram. 

Volume  of  nitrosen  at  0°  C.  and  1      „  «^     , .         j^.     x_ 
^af\  «.ir     4^  ^         f      7'37  cubic  centimetres. 

760  miUimetres  pressure . . . .  j 

Weight  of  nitrogen -0092  gram. 

This  giyes  the  percentage  of  nitrogen  as  8*5  instead  of  7*8,  as  required 
by  theory.  The  acid  used  in  this  experiment  was  not  quite  pure,  and 
the  quantity  taken  too  small  for  an  accurate  determination. 

Equivalent  of  the  Acid. — A  quantity  of  the  acid,  weighing  0*445  gram, 
titrated  with  pure  caustic  soda  solution,  every  1*73  cubic  centimetre  of 
which  contained  23  milligrams  of  sodium,  required  4*28  cubic  centi- 
metres of  this  solution  to  neutralize  the  quantity  of  acid  taken.  Hence 
the  equivalent  of  the  acid  is  179. 

Professor  Liveing  has  kindly  determined  the  following  crystallographic 
constants : — 

"The  acid  crystallizes  from         -p.     -, 
solution  of  ether  in  tufts  of  thin 
plates  which  show  the  form  of 

%•  1-  Rg.  2. 

'*  The  face  a  is  the  only  one 

which  is  largely  developed.  They 
cleave  readily  in  plane  e  at  right 
angles  to  a.  The  faces  6,  b'  are 
equally  inclined  to  a,  their  nor- 
mals making  an  angle  of .  about 
53°  with  that  of  a.  The  normals 
to  h,c  make  an  angle  of  about 
69°.  The  normal  to  face  d  is  in- 
clined to  that  of  a  at  about  42°. 

"  Many  of  the  crystals  do  not 
show  the  faces  d,  but  are  termi- 
nated by  faces  parallel  toe.  Some 
show  some  smaller  facets  at  the 
apex,  barely  discernible. 

"  There  are  occasionally  twin 

crystals,  with  the  twin  face  pa-  — 

rallel  to  the  edge  h  and  at  right 
angles  to  a. 

**  The  crystals  appear  to  be- 
long to  the  oblique  prismatic 
system,  with  the  inclined  axes  in  a  phine  parallel  to  a. 

**  The  uncertainty  about  the  measurements  is  due  to  the  minuteness  of 
all  the  faces  except  a,  and  will  perhaps  be  overcome  when  a  fresh  crop 
of  crystals  is  obtainod." — G.  D.  L. 

Digitized  by  VjOOQ IC 


1877.]  TransformatUm  of  LeucoUne  into  Aniline.  69 

The  add  may  be  regarded  as  formed  by  one  or  other  of  the  following 
reactions : — 

(1)  C,H^+0,+H,0«C,H^O, 

(2)  C,^N+0.  -C^,NO.+CO.; 

but  (1)  probably  represents  the  chief  source  of  the  acid.  Whether  per- 
fectly pure  leucoline  free  from  traces  of  iridoline  would  give  the  acid 
must,  howeyer,  in  the  mean  time  remain  an  open  question,  as  large 
quantitiee  of  material  are  required  to  procure  the  pure  base.  The  yield 
of  add  only  amounts  to  three  per  cent,  of  the  bases  used. 

Deeompositians  of  the  Acid. 
Action  of  heat, — ^The  add  heated  rapidly  aboye  its  melting-point  becomes 
dark  brown,  eyolyes  water,  and  giyes  an  dly  sublimate  which  ultimately 
solidifies,  leaving  a  mass  of  porous  carbon.  The  add  sublimate,  which 
probably  contains  the  anhydride,  boiled  with  water  regenerates  the 
add. 

Action  of  soda-lime. — ^The  add  heated  with  soda-lime  to  a  low  red  heat 
leaves  a  deposit  of  carbon  and  yields  an  alkaline  oily  distillate.  This  oil 
is  soluble  in  dilute  hydrochloric  add,  and  gives  the  characteristic  reac- 
tions of  pyrrol.  The  solution  evaporated  leaves  the  hydrochlorates 
of  the  bases  as  a  crystalline  mass,  which,  after  several  solutions  and 
evaporations  with  dilute  hydrochloric  add,  is  freed  from  pyrroL  The 
hydrochlorates  of  the  basic  substances  produced  were  now  heated  with 
prrttph^  when  the  bases  distilled  as  a  colourless  oil.  This  oil  has  all  the 
pfe^nieal  and  chemical  characters  of  pure  aniline. 
Si  order  to  demonstrate  the  transformation  of  leucoline  into  aniline 
^JHnde  product  of  the  oxidation  may  be  used  instead  of  the  isolated 
A  cubic  centimetre  of  leucoline  dissolved  as  sulphate,  treated  with 
L  of  3  grams  of  permanganate  of  potash,  filtered,  evaporated  to 
» and  the  residue  mixed  with  some  soda-lime,  yields  on  distillation 
;  aniline  to  give  all  its  characteristic  reactions.  If  potash-lime 
i  instead  of  soda-lime,  the  product  of  the  distillation  is  found  to 
;  free  from  pyrrol, 
[ivder  to  ascertain  if  any  base  other  than  aniline  was  present, 
\  oi  the  add  was  heated  with  potash-lime  and  the  distillate  col- 
I  in  dilute  hydrochloric  add.  This  was  fractionally  predpitated  by 
of  platinum,  when  0-1248  gram  of  the  first  fraction  gave 
O^tS^  gnjn  of  platinum,  equal  to  84*05  per  cent.,  aniline  requiring 
82-99  per  cent.  The  second  fraction,  0*2101  gram,  gave  0*0688  gram  of 
platinum,  equal  to  82*74  per  cent. 

The  only  substance  associated  with  aniline  seems  to  be  ammonia,  as 
appears  from  the  following  experiment,  undertaken  to  ascertain  whether 
any  nitrQe  bases  occurred  in  the  distillate.  The  distillate  from  other 
3  grams  of  add  was  collected  in  nitric  add,  and  fragments  of  nitrite  of 
potash  added,  until  all  the  aniline  was  decomposed.  The  solution  after 
being  boiled  was  treated  with  caustic  soda  and  distilled.     The  distillate 
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was  slightly  alkaline,  and  gave  a  platinum  salt,  of  which  0*216  gram 
yielded  0*0954  of  platinum,  equal  to  44*16  per  cent,  of  platinum,  the 
double  chloride  of  platinum  and  ammonium  requiring  44*23  per  cent. 
The  mother-liquor  yielded  nothing  apparently  but  the  ammonium  salt. 
The  acid  on  heating  with  potash-lime  mainly  undergoes  the  following 
reaction: — 

C,H^O.=C,H^+CO,+H,0+C,. 

When  the  crude  mixture  of  potash  salts  resulting  frqm  the  oxidation 
is  taken,  instead  of  the  pure  acid,  and  distilled  with  soda-lime,  there 
appears  to  be  associated  with  the  aniline  and  pyrrols  a  small  quantity  of 
a  nitrile  base  having  a  lower  boiling-point  than  leucoline.  If  the  pure 
potash  salt  is  heated  alone  it  fuses,  aniline  distils  along  with  the  vapour 
of  water,  and  a  mixture  of  carbonate  of  potash  and  carbon  is  left.  Thus 
2C,H3KNO,=2C,H,N+H,0+K,C03-hCO,+C,. 

If  the  potash  salt  is  fused  with  excess  of  potash,  ammonia  is  eyolved 
and  salicylic  acid  is  found  in  solution.  Probably  anthranylic  add  is  the 
first  product,  and  this  is  subsequently  changed  into  ammonia  and  sali- 
cylic acid,  viz. — 

(1)  C^N0,+3H,0     =     0,H,N0,-h2C0,-hH,. 

Leuoolinio.  Anthranylic. 

(2)  C^NO,+H,0      =     C^.O.+NH,. 

Anthranylic.  Balicylio. 

A  similar  series  of  reactions  take  place  when  indigo  is  carefully  treated 
with  fused  potash.  The  formation  of  salicylic  acid  explains  the  origin 
of  the  ammonia  found  associated  with  the  aniline  when  the  add  is  heated 
with  potash-lime. 

A  solution  of  the  add  in  glycerine,  heated  to  the  boiling-point  of  the 
latter,  gives  a  distillate  of  glycerine,  aniline,  and  a  substance  in  smaD 
quantity  having  the  characters  of  indol.  No  free  carbon  is  separated  in 
this  reaction.  That  indol  or  an  isomeric  body  is  likely  to  occur  amongst 
the  products  of  decomposition  appears  from  the  following  likely  decom- 
position : — 

C.H.NO.     =     0,H,N-|-H,0-|-CO,. 
Leuoolinio  Add.  Lddol  ? 

This  reaction  is  rendered  probable  from  the  relations  of  indol  and  ani- 
line, indol  being  readily  obtained  from  the  reduction  of  isatine,  and 
isatine  yielding  aniline,  carbonate  of  potash,  and  hydrogen  on  fusion 
with  potash.  The  relations  of  chinoline,  leucoline,  and  indol  will  be  fully 
investigated  in  the  second  part  of  this  paper,  after  I  have  had  an  oppor- 
tunity of  examining  the  isomeric  cinchona  bases.  In  the  mean  time  it 
may  be  remarked  that  pyrrol  and  pyridine  have  a  similar  relation  to 
indol  and  chinoline,  thus — 

f^\    m-    u-i- 

pyrrol.  Pyridine.  Indol.  Chinoline. 
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In  my  paper  before  referred  to  it  was  suggested  that, ''  considering 
the  stability  and  mode  of  formation  of  these  bases,  it  is  not  at  all  im- 
probable that  they  may  be  produced  by  the  simultaneous  action  of 
acei^lfflie  and  its  denTatives  on  hydrocyanic  acid ;  thus  as  three  mole- 
cules of  acetylene  condense  and  form  benzol,  so  may  two  molecules  of 
acetylene  and  one  of  hydrocyanic  acid  condense  and  produce  pyridine." 

A  synthetical  experiment  of  the  kind  suggested  has  been  executed  by 
Mr.  Bamsay*,  who  finds  that  by  transmitting  a  mixture  of  acetylene  and 
hydrocyanic  acid  through  a  red-hot  tube  bases  were  unquestionably  pro- 
duced. Pyrrol,  which  may  be  so  readily  identified  by  means  of  its 
characteristic  reaction  with  fir  wood  moistened  with  hydrochloric  add, 
may  be  formed  synthetically  by  substituting  ammonia  for  the  hydrocyanic 
acid  in  the  above  experiment.  The  acetylene  employed,  however,  con- 
tained a  small  quantity  of  bromide  of  vinyl,  and  it  is  possible  the  reaction 
may  have  taken  place  between  that  substance  and  ammonia.  Only  a 
small  quantity  of  pyrrol  is  formed  in  this  reaction,  the  principal  sub- 
stance formed  being  cyanide  of  ammonium  ;  and  the  success  of  the  ex- 
periment seems  to  depend  on  the  maintenance  of  a  carefully  regulated 
temperature  and  a  certain  extent  of  porous  surface.  These  and  similar 
reactions  are  under  investigation. 

The  theoretical  bearings  of  this  investigation  have  not  been  touched 
upon  in  the  present  paper,  as  an  extensive  research  will  be  necessary 
before  structural  relations  can  be  predicted  with  any  certainty. 

I  am  greatly  indebted  to  Mr.  W.  F.  Sell,  B.  A.,  and  Mr.  A.  Scott,  B.Sc, 
assistants  in  the  Chemical  Department,  for  aid  in  the  course  of  the 
investigation. 

LalKMratory,  Cambridge  UniTenity. 


III.  "On  the  Density  of  Solid  Mercury/'  By  Prof.  J.  W.  Mal- 
LBT,  University  of  Virginia.  Communicated  by  Prof.  Stokes, 
Sec.R.S.     Received  February  22,  1877. 

I  have  lately  taken  advantage  of  a  heavy  fall  of  very  cold  and  finely 
pulverulent  snow,  well  adapted  to  the  preparation  of  freezing-mixtures, 
to  redetermine,  with  accuracy  I  believe,  the  density  of  mercury  in  the 
■olid  state  and  at  a  definite  temperature. 

Such  redetermination  was  not  superfluous,  as  appeared  from  a  colla- 
tion of  the  statements  to  be  found  in  various  standard  works.  In  the 
tables  of  specific  gravities  compiled  by  Prof.  "FJW.  Clarke,  and  published  by 
the  Smithsonian  Institution  t,  there  are  four  authorities  quoted,  with  the 
numbers  given  by  these,  as  follows : — 

♦  "  On  Kooline  and  ito  Derivatives,**  Phil.  Mag.  1876,  vol.  ii.  p.  269. 
t  **  The  CkmstanU  of  Nature. — Part  I.**    Smithsonian  Biisoell.  Coll.  255,  Washing- 
ton, 1873,  p.  24. 
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8p.  gr.  of  solid  meroury. 

Schulze    14-391 

Biddle 14-485  ♦  at  -  60^  C. 

Kupffer  and  Oayallo 14  (approx.) 

Joule  15-19 

The  last  of  these  numbers,  on  reference  to  the  original  paper t,  turns 
out  to  represent  no  actual  experiment  with  mercury  itself,  but  is  the 
density  calculated  for  this  metal  from  the  examination  of  a  number  of 
amalgams.  Kupffer  aud  Oavallo  do  not  profess  to  give  the  exact  density, 
but  merely  state  it  as  about  14,  the  number  apparently  resting  on  no 
special  experiment,  though  I  have  not  been  able  to  verify  this  by  refer- 
ence to  their  p2q>ert«  The  only  other  apparently  independent  statement 
I  have  met  with  occurs  in  the  *  Annuaire  du  Bureau  des  Longitudes '  for 
1876  (p.  385),  where  the  density  14-39  is  given  on  the  authority  of  Sivot ; 
but  I  have  not  been  able  to  find  any  reference  to  a  paper  by  him  bearing 
on  this  or  any  analogous  point,  and  it  seems  probable  that  we  have  here 
only  a  reproduction  of  Schulze's  result.  In  different  handbooks  of  chem- 
istry and  physics  numbers  between  14  and  15  are  given  as  approxima- 
tions, but  with  no  other  authority  than  some  of  the  above.  Some  of  the 
best  and  most  recent  works  simply  state  that  mercury  undergoes  consi- 
derable contraction  in  freezing.  Hence  our  knowledge  on  this  subject 
appears  hitherto  to  have  rested  on  the  experiments  of  Schulze  and  Biddle, 
both  of  which  date  back  to  the  early  years  of  the  present  century. 
Schulze's  paper  was  published  in  *  Gehlen's  Journal,'  vol.  iv.  p.  434,  and 
therefore  about  1807  or  1808,  and  Biddle's§  belongs  to  the  year  1806. 
I  have  had  access  to  neither ;  but  the  character  of  the  iustrumental  means 
(balances,  thermometers,  &c.)  generally  available  at  the  time  the  experi- 
ments were  made,  and  the  then  imperfect  knowledge  of  the  constants 
needed  for  corrections  to  be  applied,  make  it  unlikely  that  very  exact 
results  could  have  been  obtained.  Biddle  alone  seems  to  have  noted  the 
temperature  of  the  frozen  mercury,  and  Brande  ||  expresses  doubt  that 
this  was  determined  with  much  accuracy.  The  temperature  —  60**  0.,  if 
correctly  quoted,  is  in  itself  somewhat  improbable. 

The  method  adopted  in  the  experiments  lately  made  in  this  laboratory 
was  the  following : — 

(1)  A  specific-gravity  flask  was  prepared  from  a  large  cylindrical  pi- 
pette by  dosing  in  and  smoothly  rounding  in  the  flame  of  the  lamp  one 
end  of  the  cylinder,  while  the  tube  remaining  attached  to  the  other  end 
was  cut  short  and  united  by  fusion  to  a  second  pipette  of  like  shape  but 

*  14'465  80  quoted  bj  Brande  in  his  *  Manual  of  Ohemistry.' 
t  Chem.  Soo.  Joum.  [2]  i.  p.  387. 

I  Quoted  at  second  hand  from  Playfair  and  Joule,  "  On  Atomic  Volume  and  Speoiflc 
Gravity,"  Chem.  Soc.  Mem.  2  (1845),  p.  401,  and  3  (1848),  p.  67. 

§  Nicholson  s  Journal,  vol.  r.  p.  253,  and  Tilloch's  Philos.  Mag.  vol.  zxx.  p.  134. 

II  Manual  of  Chemistry,  voL  i.  p.  070. 
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smaller  size,  the  upper  and  open  end  of  the  shortened  tube  of  which  was 
fitted  with  a  small  carefully  ground  glass  stopper.  The  neck  between 
the  larger  and  smaUer  cylinders  was  drawn  down  to  a  small  bore  (about 
2  millims.),  and  at  this  narrowed  part  a  fine  line  marked  round  it  with  a 
diamond.  The  shape  of  the  vessel  is  shown  in  the  annexed  sketch,  on  a 
linear  scale  of  one  half  the  real  size.  The  principal  cylinder  held  about 
58  cubic  centimetres,  and  the  small  reserroir  above  25  cub.  centims. 
The  whole  vessel  weighed  about  46  grammes. 


It  enabled  the  experiments  to  be  carried  out  with  more  than  half  a 
kilogramme  of  frozen  mercury. 

(2)  This  vessel  having  been  accurately  weighed  when  empty  and  dry, 
its  capacity  up  to  the  mark  was  ascertained  by  filling  it  to  this  point 
with  pure  water  at  exactly  4°  C,  keeping  it  immersed  for  some  time  in  a 
large  mass  of  water  at  this  temperature  before  making  the  final  adjust- 
ment to  the  mark,  wiping  the  outside  dry,  allowing  the  whole  to  acquire 
the  temperature  of  the  balance-case,  and  carefully  weighing.  The  result 
of  this  direct  calibration,  deducting  the  weight  of  the  vessel,  was  59*7323 
grammes  or  cubic  centimetres  at  4^. 

(3)  It  was  checked  by  emptying  and  drying  the  vessel,  filling  it  to  the 
mark  with  pure  mercury  at  0°  C,  the  temperature  being  secured  by  keep- 
ing the  whole  surrounded  by  melting  ice  long  enough  to  obtain  perfect 
steadiness  of  position  of  the  mercury,  and  weighing  after  the  tempera- 
ture of  the  balance-case  had  been  regained.  The  mercury  weighed 
811-9997  grammes. 

(4)  The  vessel  was  now  surrounded  by  steam,  and  the  mercury  again 
brought  to  the  mark,  the  temperature  actually  attained  being  99^*5  C.  (cor- 
rected for  pressure).  Allowed  to  cool  down  to  the  temperature  of  the 
balance-case,  and  again  weighed,  the  mercury  was  found  =799*7032 
grammes.  Erom  the  last  two  weighings  the  coefficient  of  cubical  expan- 
sion for  1^  C.  of  the  glass  used  was,  by  the  usual  formula  (taking  absolute 
expansion  of  mercury  from  0^  to  100  &=  *018153,  as  determined  by  Seg- 
nault),  found  =-000027346. 

(5)  If  now  the  density  of  mercury  at  0®  as  referred  to  water  at  4°  be 
taken  at  13-596  (Begnault),  the  weighing  obtained  in  (3)  gives  the  capa- 
city of  the  vessel  up  to  the  mark  at  0°  =59*7234  cub.  centims.,  or,  ap- 
plying the  above  coefficient  of  expansion  of  glass,  59*7300  cub.  centims.  at 

69*7300  4-  59*7323 
4°.     The  mean  of  this  value  and  that  obtained  in  (2),  = ^ 

=59*7311  cub.  centims.,  was  taken  to  represent  the  true  capacity  of  the 
vessel  at  4"^. 
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(6)  The  freesing-mixtures  used  were  prepared  by  cooling  commercial 
hydrochloric  acid  (sp.  gr.  3=1140)  in  the  snow  out  of  doors,  the  tem- 
perature of  which,  as  well  as  of  the  air,  was  on  the  first  day  about 
—9^  C.,but  on  subsequent  days  rose  to  about  —5^,  mixing  equal  weights 
of  this  cooled  acid  and  of  snow,  using  separate  portions  of  this  first  mixture 
to  cool  more  acid  and  snow,  and  finally  bringing  together  these  last. 

It  soon  appeared  that  little  advantage  was  gained  by  trying  tp  cool  the 
snow,  on  account  of  its  very  low  conducting-power  in  such  a  loose  porous 
condition ;  and  in  the  later  experiments  the  temperature  of  the  add  alone 
was  lowered  before  the  final  mixture  with  snow.  The  glass  vessels  con- 
taining the  mixtures  were  large  enough  to  maintain  the  cold  required  for 
a  long  time,  and  steadiness  of  temperature  was  secured  by  surrounding 
them  on  all  sides  with  a  layer  of  cotton  wadding,  kept  in  place  by  stiff 
brown  paper,  and  by  conducting  all  the  operations  out  of  doors  in  ihe 
unusually  cold  atmosphere  prevailing  at  the  time. 

(7)  In  determining  the  temperature  of  the  freezing-mixtures  an  alcohol 
thermometer  was  used,  graduated  to  single  degrees,  and  admitting  of  half 
a  degree  being  read ;  but  the  scale  being  found  by  no  means  accurate,  its 
absolute  readings  were  altogether  discarded.  By  comparison  with  a  good 
mercurial  thermometer  at  three  or  four  points  between  —10°  and  -h^^ 
C,  and  calculation  from  Is.  Pierre's  coefficients,  the  real  length  of  a  de- 
gree on  the  part  of  the  stem  corresponding  to  —40^  was  determined ;  and 
the  temperature  of  fusion  of  the  mercury  being  accurately  noted  and  as- 
sumed =  —38^*85  C,  as  determined  by  Balfour  Stewart*,  the  addition 
or  subtraction  of  four  or  five  degrees,  as  above  obtained,  gave  all  ihe 
other  temperatures  observed. 

(8)  The  above  weighings  and  all  others  to  be  mentioned  were  made 
with  an  excellent  baknce  by  Becker,  carefully  adjusted  and  tested  at  the 
outset.  With  a  load  of  a  kilogramme  in  each  pan  a  difference  of  weight 
of  ^  milligramme  can  be  detected,  and  ^  milligramme  may  be  fully  re- 
lied upon.  All  weighings  were  reduced  by  calculation  to  the  correspond- 
ing results  in  vacuo^  the  temperature  and  pressure  of  the  atmosphere 
being  noted  on  each  occasion ;  and  the  results  quoted  are  those  thus  cor- 
rected. 

(9)  The  specific-gravity  flask  was  now  filled  with  alcohol  (at  one  time 
absolute,  but  which,  by  long  keeping  in  the  laboratory  and  occasional 
opening  of  the  bottle,  had  absorbed  some  moisture,  and  was  really  about 
95  or  96  per  cent.),  and  three  weighings  were  obtained  after  the  liquid 
had  been  carefully  adjusted  to  the  mark  at  temperatures  dose  to  ^e 
freezing-point  of  mercury  t. 

*  With  an  air>thermometer  (Proc  Boy.  Soo.  1868,  toL  zii.  p.  674). 

t  The  alcohol,  as  afterwards  meroury,  was  bronght  to  near  the  required  tempera- 
tore  before  introducti<m  into  the  final  freesing-miztore,  and  a  separate  small  portion  in 
a  tabe  was  similarly  cooled,  to  be  used  in  filling  up  to  the  mark  if  necessary.  The 
stopper  was  caiefully  inserted  as  soon  as  the  adjustment  of  the  liquid  was  seenred,  to 
as  to  aToid  any  loss  by  eraporation. 
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Applying  the  correction  for  capacity  of  yessel  at  the  respective  tempe- 
ratures, the  three  results  were : — 

cub.  centims.  grms. 

69-6625  of  alcohol  at  -3r  C.  =60-7010 
59-6600     „         „        -40°       =  60-8316  ♦ 
59-6576     „        „        -42°-5    =50-9092 

or,  reducing  to  one  common  weight, 

cub.  centims.  gnns. 

117-6752  of  alcohol  at  -  37°  =  100 
117-3679  „  „  -40°  =100 
117-1843     „        „        -42°-6  =100 

(10)  Taking  the  difference  between  (a)  the  first  and  second,  (b)  the 
second  and  third,  and  (c)  the  first  and  third  of  these  numbers,  and  dividing 
each  difference  by  the  number  of  degrees  in  the  interval  of  temperature, 
we  get  as  the  change  of  volume  of  100  grammes  of  alcohol  for  1°  C. : — 

cub.  oentiin. 

From  (a) -1024 

(6) -0734 

(c) -0893 

and  the  mean  of  these  (-0884)  may  be  taken  to  represent  the  coefficient 
for  1°  C.  within  a  range  of  a  few  degrees  either  side  of  the  freedng-point 
of  mercury.  Using  this  coefficient  to  reduce  the  three  weighings  to  their 
corresponding  values  for  the  same  temperature,  say  —39°  C,  we  have 

grms.  cub.  oentuns. 

100  of  the  ^cohol  in  question  at  -39°  =117-4984 

„            „            „            „  „      =:  117-4663 

„            „            „             „  „      =117-4937 

the  mean  of  which  is  117*4828  cub.  centims. 

(11)  The  specific-gravity  flask  having  been  emptied  and  dried,  558-9353 
grammes  of  mercury  was  introduced,  the  metal  having  just  previously  been 
purified  by  careful  treatment  with  dilute  nitric  acid,  washing  with  water, 
and  quiet  distillation  from  a  glass  retort.  Filling  up  with  the  same  al- 
cohol as  that  used  in  the  above  experiments,  and  which  had  been  kept 
in  a  well-stoppered  bottle,  the  flask  was  gradually  cooled,  and  finally,  in 
the  last  freezing-mixture,  the  mercury  frozen,  and  the  alcohol  brought 
exactly  to  the  mark,  taking  care  that  it  became  and  remained  quite  sta- 
tionary, while  during  the  freezing  of  the  mercury  the  change  of  volume 
was  very  rapid  and  easily  observable.  The  temperature  having  been 
noted  when  the  final  adjustment  was  made,  the  little  flask  was  set  aside, 
stoppered,  until  it  could  be  washed  off  and  dried,  and  was  then  allowed 

*  This  weighing  was  not  quite  so  satisfactory  as  the  remainder  ;  the  temperature  a 
little  doubtful. 
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to  acquire  the  temperature  of  the  balance-case,  and  weighed.    Three  such 
experiments  gave,  aside  from  the  weight  of  the  flask  itself, 

grnis. 

A.  Mercury  +  alcdbol  at  -39''  C.     =  676-2029 

B.  „  „  „     -41°-6       =576-2622 

C.  „  „  „     -42°  =576-2639 

Deducting  the  mercury,  the  quantity  of  which  remained  constant 
throughout,  it  appears  that  the  flask  contained  of  alcohol : — 

gnns. 

A.  at -39°     17-2676 

B.  „  -41*'-5 17-3169 

C.  „  -42°     17-3286 

From  the  data  in  (10)  these  weights  represented  at  the  respective 
temperatures  the  following  volumes : — 

oub.  oentimt. 

A 20-2865 

B 20-3061 

C   20-3122 

From  the  data  in  (4)  and  (5)  we  get  the  capacity  of  the  flask  up  to 
the  mark  at  the  same  temperatures : — 

oub.  oentims. 

At  -39°     59-6609 

„  -4r-5 59-6568 

„  -42°     59-6660 

Subtracting  the  volume  of  alcohol  in  each  case,  that  of  mercury  was, 

cab.  omtimi. 

In  A 39-3744 

„  B   39-3507 

„  C   39-3438 

Hence  the  speci^c  gravity  as  obtained 

In  A 141954  at  -  39^ 

„  B 14-2034  „  -  41°-6 

„  C    ......  14-2064  „  -  42° 

(12)  By  comparing  these  numbers  in  pairs,  we  have  as  the  difference 
apparently  due  to  a  difference  of  temperature  of  1°  C* : — 

From  A  and  B -0032 

„      BandC   -0060 

„     AandC   -0037 

of  which  the  mean  is  -0043. 

Beducing,  by  using  this  coefficient,  the  above  results  to  a  single  tern- 

'^  Of  coiine  really  including  errors  in  determination  of  weights  and  temperatures. 
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perature,  and  adopting  that  of  the  f  using-^int  of  the  metal  as  determined 
by  Balfour  Stewart,  we  get 

From  A 14-1948  at  -38°-85  C. 

.,    B 14-1920    „        „ 

„     C   141929     „        „ 

and,  as  a  final  mean  of  these  three,  14*1932  a$  the  number  rqfresmting  the 
density  of  solid  mercury  cU  its  fusing-point  as  referred  to  water  at  4^C  taken 
as  unity.  I  think  this  result  (which,  it  will  be  seen,  differs  considerably 
from  the  figures  hitherto  quoted)  may  be  fidrly  accepted  with  confidence. 
In  these  experiments  most  of  the  weighings  were  made  by  Adjunct 
Professor  Dunnington,  and  the  freezing-mixtures  were  managed,  at  no 
small  cost  of  personal  discomfort,  by  Messrs.  Bryan  bsiA  Memminger, 
students  in  this  Laboratory.    To  these  gentlemen  my  thanks  are  due. 


IV.  ''The  Automatic  Action  of  the  Sphincter  Ani.^'  By  W. 
R.  GowERs^  M.D.^  Assistant  Physician  to  University  College 
Hospital.  Communicated  by  J.  S.  Burdon  Sanderson, 
M.D.,  F.R.S.,  Jodrell  Professor  of  Human  Physiolc^  in 
University  College,  London.     Received  February  24,  1877. 

The  observations  described  in  the  following  paper  had  for  their  object 
the  determination  of  the  form  of  the  reflex  or  automatic  action  of  the 
sphincter  ani  of  man  when  voluntary  power  over  it  is  lost.  This  reflex 
action  is  believed,  from  the  researches  of  Masius*,  to  depend  on  an 
"  ano-spinal  centre,"  situated  in  the  lumbar  enlargement  of  the  spinal 
cord,  controlled  in  health  by  higher  (encephalic)  centres.  It  appears, 
however,  to  be  very  uniform  in  its  character  in  various  conditions,  the 
most  conspicuous  common  character  of  which  is  the  entire  loss  of 
voluntary  power. 

The  larger  number  of  observations  were  made  on  a  man  who,  by  a 
violent  fall  on  the  sacrum,  had  apparently  injured  the  posterior  roots  of 
all  the  sacral  nerves  and  both  roots  of  the  lowest  sacral  nerves.  A  de- 
pression existed  over  the  lower  part  of  the  sacrum.  Sensibility  to  touch 
and  pain  was  lost  in  all  parts  supplied  by  branches  from  the  sacral 
plexus,  the  limitation  being  exact.  There  was  no  muscular  paralysis  or 
loss  of  nutrition  except  in  the  levator  ani,  the  sphincter  ani,  and  the 
sphincter  vesicsB,  all  of  which  were  paralyzed  to  the  will.  The  anus  and 
the  mucous  membrane  of  the  rectum  were  quite  insensitive.  There  was 
no  evidence  of  any  injury  to  the  spinal  cord ;  with  this,  indeed,  the 
symptoms  were  incompatible.  It  would  thus  appear  that  the  only 
lesion  was  a  division  of  the  direct  communication  between  the  sphincter 

*  BnU.  de  rActtd^mie  Boyale  de  Belgique,  1867.  t.  xxir.  p.  312,  and  Journal  de 
rAnMomie  et  Phjsiologie,  1868»  p.  197. 
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and  the  cord.  Other  observations  were  made  on  two  patients  with  para- 
plegia, due  probably  to  disease  of  the  dorsa]  region  of  the  spinal  cord,  in 
whom  there  was  reason  to  believe  that  the  lumbar  enlargement  of  the 
cord  was  free  from  material  damage.  In  each  case  there  was  not  the 
slightest  voluntary  power  to  retoin  the  contents  of  the  rectum.  It  was 
found  that  in  each  the  condition  of  the  sphincter  was  essentially  the  same, 
and  that  it  was  in  a  state  of  high  reflex  activity.  The  most  uniform 
results  were  obtained  in  the  case  of  injury  to  the  sacral  nerves.  Finally 
these  results  were  compared  with  those  obtained  by  the  same  method 
when  voluntary  power  was  intact. 

The  instrument  employed  was  a  small  cylinder  of  thin  india-rubber, 
supported  at  each  end  on  a  wooden  plug,  the  anterior  extremity  of  which 
was  conical,  to  facilitate  its  introduction.  The  chamber  within  commu- 
nicated by  means  of  a  flexible  tube  with  the  cavity  of  a  tympanum  pro- 
vided with  a  writing  lever,  by  which  the  variations  in  the  pressure  were 
recorded  on  a  revolving  drum  (Mare/s  cardiograph).  A  small  metal 
tube  passed  through  the  middle  of  the  cylinder,  by  which  air  could  be 
injected  into  the  rectum  without  disturbing  the  instrument.  A  smaller 
instrument,  the  rubber  cylinder  of  which  was  only  one  inch  in  length* 
was  used  to  ascertain  the  effect  produced  by  different  portions  of  Uie 
lower  end  of  the  bowel. 

The  first  fact  ascertained  was  that  in  each  case,  although  the  incon- 
tinence of  f  83oes  was  complete,  the  sphincter  was  habitually  in  a  state  of 
continuous,  slightly  varying  contraction.  That  this  tonic  state  was  not 
due  to  the  presence  of  the  instrument  within  the  anus  is  shown  from 
the  fact  that  it  existed  before  the  introduction  of  the  instrument,  and 
that  any  irritation  of  the  anus,  as  by  movement  of  the  instrument,  pro- 
duced a  well-defined  effect  of  a  different  character.  The  same  tonic  con- 
traction is  shown  in  every  tracing  obtained.  After  a  disturbance  caused 
by  the  introduction  of  the  instrument  was  over,  the  pressure  continued 
nearly  the  same  throughout,  being  marked  only  by  a  few  very  slight  and 
irregular  variations. 

This  continuous  contraction  was,  however,  inhibited  by  any  irritation 
applied  to  the  mucous  membrane  of  the  rectum.  Such  an  irritation  was 
readily  effected  by  the  injection  of  a  small  quantity  of  air  into  the  rectum. 
The  result  of  such  an  injection  is  shown  in  the  tracing  (fig.  1).  A  rapid 
fall  in  pressure  occurred  (a),  due  to  the  relaxation  of  the  sphincter,  which 
was  in  some  cases  so  complete  that  the  instrument  fell  out.  After  a  brief 
period  of  complete  relaxation,  contraction  occurred,  at  first  slight,  and 
then  slowly  increasing,  indicated  by  the  rise  of  the  lever  (6),  until  the  ori- 
ginal pressure  was  attained.  In  most  cases  the  rise  was  to  a  higher  point 
than  the  original  pressure,  and  a  subsequent  slight  fall  occurred  until  the 
initial  pressure  was  reached. 

When  the  irritation  was  produced  by  a  solid  body,  a  slight  brief  in- 
crease in  the  contraction  preceded  the  relaxation  of  the  sphincter.     This 
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was  seen,  for  instanoe,  when  the  wooden  head  of  the  instrument  was 
pressed  down  upon  the  sphincter.  The  most  ready  waj  in  which  the 
effect  was  produced  was  by  making  the  patient  cough.  This  initial  con- 
traction was  also  very  marked  on  the  irritation  produced  by  the  intro- 
duction of  the  instrument,  the  invariable  effect  being  the  succession  of 
changes  of  pressure  which  are  shown  in  the  tracing  (fig.  2).  The  vertical 
lise  (a)  is  the  effect  of  the  pressure  of  the  sphincter  to  which  the  instru- 
ment is  suddenly  exposed  on  its  introduction ;  the  top  of  this  line  repre- 
sents the  amount  of  pressure  exerted  by  tiie  sphincter  before  the 
introduction  of  the  instrument.  This  is  followed  by  a  slight  rise  (6), 
succeeded  by  a  considerable  and  rather  quick  fall  (c),  which  fall  is  again 
succeeded  by  a  rise  {d)  to  a  point  a  little  higher  than  that  from  which 
the  lever  fell,  as  in  the  effect  of  the  injection  of  air. 


^  ^^^  Aow  rise  after  this  inhibition  there  was  often  an  indication  of 
*  teudex^^^  to  rbythmical  action.  In  some  tracings,  especially  those 
^^iich  a\^Q^  t\iO  effect  of  a  cough,  this  is  very  distinct  (fig.  3).  The 
*%Ht  fi^  rL\  iixunediately  after  the  cough  is  the  result  of  the  movement  of 
tVie  ixkatrument  leseening  the  extent  to  which  it  is  compressed  by  the 
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sphincter.  The  lower  end  of  this  line  represents,  therefore,  the  d^^ree 
of  the  previous  contraction  of  the  sphincter,  and  corresponds  to  t^e  top 
of  the  line  (a)  in  fig.  1.  The  slight  initial  rise  (o)  precedes  a  considerable 
fall  (<0,  and  is  succeeded  by  a  slow  rise,  in  which  there  are  secondary 
waves  of  rhythmical  variation  (e  e  e).  No  such  variation  could  be  traced 
in  the  continuous  contraction  which  followed. 

Gohz*  observed  that  in  dogs,  after  division  of  the  dorsal  cord,  a 
rhythmical  action  was  caused  by  the  presence  within  the  sphinct^  of  any 
foreign  body.  In  man  it  does  not  appear  that  the  presence  of  an  unirri- 
tating  foreign  body  within  the  anus,  provided  it  is  kopt  still,  constitutes 
stimulation  or  excites  any  reflex  action.  No  rhythmical  variations  were, 
as  a  rule,  observed  in  the  tonic  contraction.  In  one  case  of  disease  of  the 
dorsal  spinal  cord,  however,  the  mere  presence  of  the  instrument  caused 
sometimes  a  lengthened  inhibition,  at  the  end  of  which  some  rhyth- 
mical contraction  occurred.  But  it  was  found  that,  in  every  case,  the 
continuous  injection  of  a  jet  of  air  into  the  rectum  developed,  very 
uniformly,  a  rhythmical  action.  The  rapid  fedl  which  occurred  imme- 
diately after  the  commencement  of  the  injection  was  succeeded  by  a 
rather  quick  rise,  followed  by  another  fall,  and  then  a  corresponding  rise, 
and  80  on  in  successive  alternations.  Thus  a  continuous  series  of  nearly 
uniform  curves  was  obtained  (figs.  4,  5,  6).  The  height  reached  by  the 
lever  in  these  variations  was  in  some  instances  the  same  as  that  of  its 
continuous  contraction,  but  in  other  cases  it  was  less  high.  The  cause 
of  the  rhythmical  variation  appeared  to  be,  in  part  at  least,  the  alternating 
accumulation  of  the  air  within  and  its  escape  from  the  rectum  during  the 
contraction  and  relaxation  of  the  sphincter,  the  accumulation  causing  the 
inhibition  of  the  sphincter,  which  permitted  the  escape  of  air.  A  differ- 
ence noticeable  in  the  form  of  these  curves  will  be  considered  in  speaking 
of  their  duration. 

In  some  instances  the  rhythmical  action  was  long  in  being  developed, 
the  first  effect  of  the  continuous  injection  being  a  complete  inhibition  of 
considerable  length,  succeeded  by  the  intermitting  contractions. 

Goltz  observed  that  a  powerful  sensory  impression  on  the  hind  legs  of 
a  dog  inhibited  the  rhythmical  contractions  of  the  sphincter.  In  the  case 
of  injury  to  the  sacral  nerves  no  such  inhibition  could  be  obtained  by 
strong  faradic  stimulation  of  the  skin  of  the  lower  part  of  the  abdomen, 
on  which  sensation  was  intact. 

The  effects  of  a  voluntary  effort,  a  sigh,  and  a  cough  were  observed  to 
ascertain  if  there  was  any  consentaneous  contraction  of  the  sphincter ; 
but  none  could  be  observed. 

Careful  measurements  were  made  of  the  duration  of  the  several  events 
in  the  reflex  action  above  described. 

On  every  form  of  stimulation  it  was  found  that  a  period  elapsed  after 
the  commencement  of  the  stimulation  before  there  was  any  change  in 
*  Pfliiger'B  Arohiy,  vol.  Tiii.  1874,  p.  479. 
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ibe  degree  of  contraction.  After  an  injection  of  air,  as  nearly  instan- 
taneoiis  as  could  be,  the  latent  period  amounted  on  one  occasion  to 
1*3  second.  After  a  cough  it  varied  from  *8  to  1*2  second,  the  ayerage 
of  fiye  measurements  being  just  1  second.  The  latent  period  after  the 
introduction  of  the  instrument,  before  the  initial  rise,  varied  from  1  to 
1*5  second. 

The  initial  rise,  when  it  occurred,  was  very  uniform  in  its  duration. 
After  the  cough  it  varied  from  1*1  to  1*5  second;  four  out  of  six 
measurements  were  exactly  1*5  second.  After  the  introduction  of  the 
instrument,  the  initial  rise,  in  four  measurements,  lasted  1*3, 1*5, 1*5, 
and  2  seconds  respectively,  the  mean  of  the  whole  being  very  nearly  1*5 
second.  In  the  cases  of  disease  of  the  cord  the  initial  rise  after  the  in- 
troduction of  the  instrument  was  rather  longer,  lasting  2  seconds. 

The  duration  of  the  subsequent  fall  varied  considerably.  After  the 
introduction  of  the  instrument  it  varied  from  3  to  4*5  seconds,  three  out 
of  five  observations  being  exactly  4  seconds.  After  a  cough  the  Ml 
occupied  from  3*5  to  5*5  seconds.  The  mean  of  all  the  measurements  of 
the  faR  caused  by  the  mechanical  stimulation  of  the  instrument  (on  cough 
and  introduction)  was  4*2  seconds.  It  was  found  that  the  more  con- 
siderable the  fall  the  longer  was  its  duration.  Thus  a  slight  fall  caused 
by  traction  on  the  instrument  (not  included  in  the  above  average)  lasted 
just  3  seconds.  The  initial  rise  did  not  exhibit  this  relation  ;  in  the  last 
case  it  lasted  1*5  second,  while  the  period  of  latent  stimulation  was 
exactly  1  second.  In  the  case  of  disease  of  the  cord  the  duration  of 
the  fall  was  5  or  6  seconds. 

The  subsequent  rise  always  occupied  a  much  longer  period  than  the 
preceding  foil,  varying  in  duration  from  10  to  17  seconds.  Only  in  one 
instance  was  it  less  than  10  seconds,  and  in  that  the  rise  was  imperfect 
and  was  succeeded  by  a  second  fall.  The  mean  of  thirteen  measurements 
of  the  rise  after  all  forms  of  stimulation,  in  the  case  of  injury  to  the 
nerves,  was  13*5  seconds.  In  the  case  of  disease  of  the  cord  it  was  some- 
what longer,  varjring  from  17  to  30  seconds. 

The  rfa3rthmical  variations  which  in  some  cases  occurred  during  the  rise 
(fig.  3)  were  from  4  to  4-5  seconds  in  duration,  and,  in  the  case  of  injury 
to  ^e  sacral  nerves,  were  very  uniform.  As  there  was  no  corresponding 
variation  in  the  stimulation,  they  must  be  regarded  as  the  expression 
of  a  spontaneous  rhythm  in  the  action  of  the  sphincter. 

The  length  of  the  rhythmical  contractions  which  resulted  from  a  con- 
tinuoos  injection  of  air  varied  considerably,  and,  as  already  mentioned, 
the  form  of  the  curves  obtained  also  varied.  Some  (in  each  case)  were 
of  considerable  length,  lasting  from  12  to  17  seconds.  In  these  the  fall 
was  much  steeper  than  the  rise  (figs.  4  and  6).  These  curves  resembled 
in  this  the  curve  which  was  obtained  on  any  sudden  stimulation,  and 
appeared  to  be  merely  a  series  of  such  curves,  resulting  from  the  inter- 
mitting inhibition  consequent  on  the  alternate  accumulation  and  escape 
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of  air.  But  on  some  occasions  curves  were  obtained  of  a  different 
form  and  shorter  duration  (fig.  5).  The  descent  corresponded  in 
inclination  with  the  ascent.  The  duration  of  each  period  in  the  rhythm 
was  nearly  9  seconds.  It  is  to  be  noted  that  this  is  just  double  the 
length  of  the  spontaneous  rhythmical  variations  in  the  case  of  the  rise 
after  the  mechanical  stimulation  by  a  cough  &c.  These  more  regular  curves 
would  appear,  then,  from  their  curve  and  duration,  to  be  the  more  direct 
effect  of  the  tendency  on  the  part  of  the  sphincter  to  rhythmical  action 
under  the  influence  of  the  continuous  stimulation*. 

The  longest  complete  inhibition  under  a  continuous  injection  of  air 
lasted  30  seconds.  It  is  evident  that  this  might  easily  have  been  mis- 
taken for  permanent  relaxation. 

A  comparison  of  these  results  with  the  action  of  the  sphincter  ani 
under  normal  conditions  corroborated  the  conclusion  which  Masius  and 
Goltz  drew  from  their  observation  upon  dogs,  that  the  reflex  action  and 
tendency  to  rhythmical  variations  is  modified  and  controlled  by  the  higher 
encephalic  centre.  No  variation  in  the  uniform  contraction  of  the 
sphincter  resulted  from  either  the  introduction  of  the  instrument  or  from 
its  movement  by  a  cough.  Inhibition  of  contraction  could,  however,  be 
readily  produced  by  an  injection  of  air  into  the  rectum.  No  initial  rise 
was  observed  under  any  circumstances :  the  inhibition  continued  during 
the  whole  period  of  a  short  injection  of  air,  and  on  the  cessation  of  the 
injection  the  pressure  quickly  rose  to  its  original  height.  The  duration 
of  the  several  parts  of  the  action  differed  little  &om  that  observed  in  the 
other  cases.  A  latent  period  of  1*5  second  was  succeeded  by  a  fall  of 
5  seconds'  duration,  a  period  of  Complete  inhibition  of  6  seconds,  and  a 
subsequent  rise  which  occupied  11  seconds. 

As  far  as  could  be  ascertained,  the  internal  sphincter  was  alone  con- 
cerned in  this  reflex  action.  The  external  sphincter  appeared  to  be  in 
each  case  relaxed. 

In  the  case  of  injury  to  the  sacral  nerves  the  direct  communication 
between  the  sphincter  and  the  cord  must  have  been  interrupted ;  the 
reflex  action,  if  from  the  cord,  can  only  have  taken  place  through  the 
sympathetic  nerves.  It  is  a  point  for  future  investigation,  suggested  by 
certain  point*  of  resemblance  between  the  reflex  acticm  of  the  sphincter 
Mid  that  of  the  uterus,  the  intestine,  and  the  heart,  whether  its  action  is 

*  The  immediate  oaose  of  the  intermitting  inhibition,  no  doubt,  waa  in  each  eaae 
file  intermitting  rectal  stimulation ;  but  the  greater  uniformity  of  ascent  and  descmt, 
the  resemblance  in  form  of  these  causes  to  those  which  were  undoubtedly  spontaneous, 
suggests  that  the  tendency  to  rhythmical  relaxation  determined  the  time  uid  form  of 
its  occurrence  in  this  case  (fig.  5),  whereas  the  longer  curres,  with  steeper  fall, 
were  determined  more  directly  by  the  reflex  inhibitory  impressions.  It  is  to  be  noted 
that  the  latter  often  exhibited  small  secondary  waves  (as  in  fig.  6,  aa\  resembling  the 
spontaneous  waves  (fig.  3,  ee)  in  their  uniform  curre;  while  the  regular  wares  (as  in 
fig.  4)  nerer  exhibited  these  smaller  wares  of  ultimate  rhythm,  as  they  might  be  called. 
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eotirdT  dependent  #n  the  ano-Bpinal  centre  in  the  cord,  and  alio  bj  what 
mechanism  ihe  encephalic  centre  exerts  its  inflnence. 

I  woold,  howerer,  draw  especial  attention  to  the  points  of  resemblance 
between  this  reflex  action  of  ihe  internal  sphincter  and  that  ci  the 
middle  coat  of  the  intestine  in  peristaltic  action,  which  suggest  the  probik- 
biHtjUiattlie  action  of  the  sphincter,  apart  from  the  will,  is  under  the  con- 
trol of  a  simiUar  mechanism,  and  is  indeed  only,  so  to  speak,  a  concentrated 
uid  more  specialised  instance  of  the  action  of  the  transverse  fibres  of  tbe 
intestine.  The  action  of  the  intestine,  as  well  as  that  of  the  sphincter, 
is  under  central  control,  being  inhibited  by  Uie  vagus,  intensified  bj  the 
splanchnics.  The  deUberate  character  of  the  reflex  action  of  the  sphinct^ 
resembles  closely  the  deliberate  character  of  the  intestinal  reflex. 

Increased  intestinal  contraction,  like  that  of  the  sphincter,  is  excited 
most  readily  by  irritation  of  the  mucous  membrane.  Moreover  Qolts 
believed  that  in  dogs  the  muscular  coat  of  the  rectum  participated  in 
the  rhythmical  contraction  which  he  observed  in  the  sphincter ;  and  my 
own  observations  have  shown  that  tiie  reflex  action  I  have  described  is 
not  confined  to  the  iUckened  extremity  of  the  bowel,  but  can  be  obtained 
in  a  modified  form  as  high  as  two  inches  from  the  lower  extremity. 

The  power  of  reflex  action  which  is  possessed  by  the  whole  internal 
sphincter  must  be  possessed  by  each  bundle  of  muscular  fibres  of  which 
it  is  composed.  As  the  sphincter  may  be  regarded  as  an  aggregation  of 
bundles  of  fibres,  such  as  are  contained  in  the  transverse  muscular  coat  of 
theintestiney  so  the  latter  may  be  regarded  as  a  serial  arrangement  of  the 
bundles  of  which  the  internal  sphincter  is  composed.  An  action  of  each 
bundle  of  fibres  so  arranged,  such  as  we  have  seen  to  occur  in  the 
sphincter  as  a  whole,  must  result  in  peristalsis,  in  the  movement  of  a 
contained  and  stimulating  body  along  the  intestine.  If  each  bundle  of 
fibres  passes  through  the  same  series  of  successive  contractions  and  re- 
laxations as  the  sphincter  ani,  then  the  curve  traced  by  the  action  of  the 
latter  will  represent  not  merely  the  condition  of  one  bundle  of  fibres  in 
suooessive  intervals  of  time,  but  also  the  condition  of  successive  bundles 
at  €be  same  time,  and  two  such  curves  in  apposition  will  represent  a 
diagrammatic  longitudinal  section  of  the  intestinal  wall,  llie  effect, 
therefore,  of  tiie  presence  in  the  intestine  of  a  mass  of  faeces  or  other 
contents  would  be  to  cause,  first,  in  the  moderately  contracted  intestinal 
wall  in  front  of  it,  an  increased  contraction,  the  effect  of  which  would 
be  to  prevent  the  diffusion  of  the  contents  along  the  intestine  (which 
would  materially  interfere  with  their  movement);  secondly,  complete 
relaxation  of  tiie  next  portion  of  the  intestinal  wall  into  which  the  contents 
of  the  intestine  could  pass ;  and  thirdly,  a  strong  contraction  behind, 
sustained,  and  moving  on  the  stimulating  body,  as  the  initial  contraction 
gave  place  to  relaxation.  The  process  would  no  doubt  be  materially 
modified  by  the  contraction  of  tiie  longitudinal  fibres  of  the  bowel,  which 
would  prevent  the  undue  distension  of  the  relaxed  portion,  and  thus  assist 
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the  transmission  onwards  both  of  the  contents  of  the  bowel  and  of  the 
resulting  stimulation.  The  contraction  of  these  longitudinal  fibres  would 
also  mask  the  details  of  the  process  to  external  observation.  The  inter- 
mitting contractions  of  the  sphincter  under  a  continuous  stimulation 
may  represent  the  successive  waves  pf  peristaltic  action  when  the  intes- 
tinal contents  are  abundant.  It  is  further  to  be  noted  that  the  presence 
of  the  instrument  in  the  anus,  after  the  ^ect  of  its  introduction  had 
passed  off,  was  the  source  of  no  stimulation,  just  as  contents  may  be  at 
rest  within  the  bowel,  and  if  they  are  not  moved,  and  do  not  irritate  the 
mucous  membrane,  may  excite  no  peristaltic  addon. 

EXPLANATION  OF  TBAOXNOS. 

Fig.  1.  Effect  on  oontraotion  of  sphincter  of  the  injectioii  into  the  rectum  of  a  anuJl 
quantity  of  air  at «.  a,  fidl  in  presBure  due  to  the  inhibiflon  of  the  contrac- 
tion ;  6,  rise  due  to  the  slowly  returning  contraction. 

Fig.  2.  Effect  of  the  introduction  of  the  instrument,  a,  sudden  rise  of  lever  at  moment 
of  introduction,  due  to  the  exposure  of  the  instrument  to  the  pressure  of  the 
sphincter  (the  top  of  this  line  represents  the  degree  of  preTious  contraction) ; 
h,  initial  rise  due  to  increased  contraction ;  c,  fall  from  partial  inhibitian ; 
<2,  subsequent  contraction,  rising  to  a  greater  degree  tlum  the  initial  oontrao- 
tion, and  subsequently  falling  slightly. 

Fig.  3.  Effect  of  cough,  a,  pressure  of  tonic  contraction  of  sphimcter  (the  slight  irre- 
gularities are  due  to  pulse-waTes) ;  6,  fall  in  pressure,  due  to  tiie  movement 
of  the  instrument  by  the  cough ;  c,  initial  contraction ;  <2,  relaxation  of  inhi- 
bited sphincter ;  e,  e,  e,  rhythmical  yariations  in  subsequent  rise. 

Figs.  4, 5, 6.  Bhythmical  variation  in  contraction  of  sphincter  under  the  influence  of  a 
continuous  ii\jection  of  air  into  the  rectum,  a,  a,  a,  waves  of  secondary 
rhythm. 

Figs.  1,  2,  3,  4,  &  6  are  from  the  case  of  uoguiy  to  the  sacral  nerves.  Fig.  5  is  fr*om  a 
case  of  disease  of  the  dorsal  region  of  the  spinal  cord. 

The  vertical  lines  represent  seconds  of  time. 


V.  "  Description  of  the  Process  of  Verifying  Thermometers  at 
the  Kew  Observatory.**  By  Francis  Galton,  F.R.S.  Re- 
ceived March  1,  1877. 

It  may  be  of  interest  to  describe  the  method  recently  adopted  at  the 
Kew  Observatory  of  verifying  thermometers  by  comparison  at  diffeient 
temperatures  wit^  a  standard  instrument,  since  a  large  proportion  of  the 
various  thermometrical  determinations  made  by  English  physicists  are 
dependent  for  their  accuracy  upon  that  of  the  verifications  at  Kew. 
Many  thousands  of  thermometers  have  already  been  verified  by  the 
apparatus  about  to  be  described. 

Up  to  the  year  1875  the  apparatus  for  this  purpose  at  the  Kew 
Observatory  was  of  the  rudest  character. 

It  was  simply  a  glass  jar  9J  inches  wide  and  18  inches  deep,  filled 
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with  hot  water  and  standing  on  a  turntable,  in  which  a  bram  frame  wa» 
placed. 

The  thermometers  were  attached  to  this  framework,  and  the  obserrer 
having  well  agitated  the  water  with  a  plunger,  read  the  instruments  in 
snccession  through  the  glass  as  he  turned  the  jar  round  before  him, 
reading  each  thermometer  as  it  passed.  He  first  turned  it  round  from 
right  to  left,  and  then  back  again  from  left  to  right.  Each  thermometer 
was  thus  read  twice,  and  the  mean  of  the  pair  of  readings  was  taken. 
It  is  obrious  that  if  the  rate  of  cooling  of  the  water  be  uniform,  and  if 
the  thennometers  are  observed  at  precisely  equal  intervals,  the  mean  of 
every  pair  of  observations  would  be  strictly  referable  to  the  temperature 
of  the  water  at  the  same  moment  of  time,  namely,  to  that  which  is  half- 
way between  the  beginning  and  end  of  the  entire  set.  It  is  needless  to 
point  out  that  these  conditions  can  never  be  strictly  fulfiUed,  although, 
notwithstanding  the  imperfection  of  the  process  and  the  coarseness  of  the 
apparatus,  the  observers  acquired  much  certainty  and  skill  in  its  mani- 
pulation. Still  the  time  occupied  was  imnecessarily  great,  and  the  chance 
of  error,  owing  to  variations  in  the  rate  of  cooling  of  the  water,  was 
larger  than  it  need  be.  Partly  owing  to  this  latter  reason,  and  partly  ta 
the  fact  that  the  number  of  thermometers  sent  to  be  tested  has  eon** 
siderably  increased  (being  now  not  less  than  3000  annually),  I  thought 
it  advisable  to  design  and  propose  to  my  colleagues  of  the  Kew  Committee- 
the  construction  of  an  instrument  of  a  much  more  substantial  and  ade- 
qnate  character ;  and  to  this  the  Committee  assented.  I  was  subsequently 
indebted  for  many  suggestions  to  Mr.  De  La  Eue,  and  also  to  Mr.  iL 
Munro,  of  24  Clerkenwell  Green,  London,  by  whom  it  was  finally  made. 
It  has  now  been  at  work  for  two  years,  and  its  performance  is  quite 
satisfactory ;  experience  has  in  the  mean  time  suggested  a  few  emendations 
and  simplifications,  and  I  will  therefore  describe  the  instrument  as  at 
present  in  use. 

The  apparatus  (see  figs.  1  &  2)  consists  essentially  of  four  parts  :•— 

(1)  A  water-vessel. 

(2)  An  agitator,  worked  by  a  handle  on  the  outside;. 

(3)  An  external  heating  arrangement. 

(4)  A  &ame  on  which  to  hang  the  thermometers,  turned-  by  ir 

handle  on  the  outside. 

(1)  The  Waier-vesseL 
This  is  a  cylinder  of  stoul  copper,  2  ft.  2  in.  high  and  1  ft.  in  diameter* 
In  its  base  there  is  a  central  aperture  through  which  the  ctncentrio 
vertical  axes  are  passed,  which  respectively  carry  the  agitator  and  the 
thermometer  frame ;  the  top  of  the  cylinder  is  entirely  open ;  a  vertical 
slit,  1  ft.  10  in.  long  and  4|  in.  wide,  is  cut  in  the  side  of  the  cylinder 
and  the  slit  is  glazed  with  a  stout  sheet  of  plate-glass,  the  joints  being 
made  water-  and  steam-tight  by  means  of  india-rubber  packing* 
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The  cylinder  is  placed  inside  a  wooden  box,  taller  than  itself,  and  1  ft. 
5  in.  square  at  its  base,  the  space  between  it  and  the  sides  of  the  box 
being  filled  with  sawdust,  whilst  the  exterior  of  the  box  is  completelj 

n  order  to  retain  the  heat  of  the  water  in 
as  possible.  An  aperture  somewhat  larger 
mt  in  the  side  of  the  box  in  front  of  it,  and 
s. 

9  of  sawdust,  covered  with  a  sheet  of  kamp- 
lown  on  the  top  of  the  cylinder  and  box,  the 
I  off  during  heating  being  provided  for  by 

id  bottom  of  the  water-vessel  to  an  exterior 
7e  and  a  cock  below,  so  that  water  may  be 
the  vessel  as  desiced. 
to  a  stout  wooden  stand  about  2  ft.  high. 

ie  Agitator  (see  fig.  2). 

uds,  2|  in.  in  diameter,  passes  vertically  up 
ie  of  the  water-vessel,  carrying  three  sets  of 
other,  arranged  so  that  the  upper  and  lower 
^ht-handed  screws,  whilst  the  intermediate 
inclination  of  every  vane  is  adjustable, 
passes  through  a  stuffing-box  in  the  bottom 
;ted  by  gearing  to  a  crank-handle  projecting 
can  be  turned  easily  by  the  hand  of  the 
I  to  agitate  the  water  throughout  the  whole 


iHng-Ajpparatua  (see  fig.  1). 

I  in.  in  diameter,  which,  issuing  from  the 
the  bottom,  is  carried  through  the  wooden 
d  is  then  coiled  into  a  vertical  spiral  of  six 
in  diameter.  The  end  of  the  tube  is  after- 
water-vessel. 

Brs  being  placed  beneath  the  coil  serves  to 
r  circulate  inside  the  cylinder,  thus  warming 

dth  the  small  coil  used,  10  gallons  of  cold 
six  hours  from  the  time  of  lighting  the  gas ; 
is  required  to  test  thermometers  near  the 
L  thermometers,  for  example)  the  apparatus 
it  of  kettles  put  on  an  ordinary  fire, 
usually  placed  round  the  coil  as  a  jacket,  in 
the  gas-burners  as  much  as  possible ;  this 
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is  shown  by  dotted  lines  in  the  drawing.  A  cock  at  the  lower  end  of 
the  coil  permits  of  the  stoppage  of  the  circulation  of  the  water  through 
the  pipe. 

(4)  The  Thermometer  Frame. 

The  thermometers  to  be  compared  are  hung  side  by  side  round  i^e 
circumference  of  two  brass  rings,  10|  in.  in  diameter,  that  are  attached 
to  the  side  rods  of  a  cylindrical  frame.  The  thermometers  are  held  in 
their  places  against  the  ring  by  spring  clips,  one  of  which  is  shown  full 
size  in  fig.  4,  and  one  of  the  rings  is  shown  in  fig.  3 ;  the  latter  slide  up  and 
down  the  brass  rods  that  form  the  sides  of  the  cylindrical  framework, 
and  are  clamped  at  such  a  distance  apart  as  may  best  suit  the  ther- 
mometer under  examination. 

Forty  thermometers  can  be  suspended  at  a  time.  The  bottom  of  the 
frame  is  provided  with  six  rollers — three  placed  radially,  for  the  purpose 
of  guiding  it  up  and  down  the  interior  of  the  water-vessel ;  and  three 
tangentially  and  projecting  below  the  base,  in  order  to  support  the 
frame  whilst  putting  on  or  taking  off  the  thermometers.  This  operation 
is  performed  when  the  &ame  is  standing  on  the  closed  lid  of  the  box,  a 
circular  brass  ring  being  screwed  to  the  lid  to  prevent  the  frame  running 
off  when  being  turned  round  by  the  operator. 

The  top  of  the  frame  consists  of  spokes  radiating  from  a  hollow 
socket  that  drops  over  the  end  of  an  upright  steel  rod,  which,  passing 
through  the  axis  of  the  agitator,  projects  above  it  (see  fig.  2).  A  plug  is 
then  screwed  into  the  top  of  this  rod  and  clamps  the  frame,  which  is 
supported  by  it ;  the  frame,  with  the  thermometers,  can  then  be  rotated 
in  the  water  by  turning  this  rod.  This  turning  is  effected  from  the  out- 
side through  a  wheel  fixed  to  its  projecting  lower  extremity,  into 
which  an  endless  screw,  driven  by  a  crank  in  front  of  the  apparatus, 
is  geared.  The  observer,  facing  the  glazed  slit,  can  bring  the  ther- 
mometers hung  round  the  frame  before  him  one  by  one  as  qxuckly  as 
he  likes. 

For  the  convenience  of  moving  the  thermometer  frame  into  and  out  of 
the  water-vessel,  a  cord  is  carried  over  the  apparatus  round  pulleys,  as 
seen  in  fig.  1,  so  that  the  attendant  can  hook  its  end  to  the  ring  at  the 
top  of  the  frame,  and  twist  or  lower  it  with  the  greatest  facility. 

The  general  character  of  the  process  of  comparison  is  to  turn  down 
the  gas  and  to  close  circulation  in  the  pipe  by  turning  the  stopcock ;  the 
water  is  then  agitated,  and  is  afterwards  left  at  rest  untU  the  set  is 
finished.  The  thermometer  frame  is  turned  once  round  forwards  and 
once  backwards  in  each  process  of  comparison,  each  instrument  being 
i^ad  off  twice,  the  mean  of  the  two  being  tl^  result  aimed  at. 

Mr.  Whipple,  the  Superintendent  of  the  Observatory,  has  made  at  my 
request  a  large  number  of  experiments  on  the  variations  of  temperature 
under  different  conditions,  and  on  other  matters  relating  to  the  working 
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of  tbe  apparatus.    It  will  be  8n£Scient  if  I  give  a  few  summary  tables  of 
^  results. 

The  mean  variation  of  temperature  during  a  double  process  of  com- 
paring each  of  twenty  sets  of  thermometers,  each  set  averaging  nineteen 
instruments,  and  each  instrument  being  read  four  times,  was  as  follows : — 


Temperatare  at  which  the  1 
oompariion  was  made.  / 

60° 

1(P 

80O 

W 

\(XP 

110° 

Mean    variation   during  1 
each  Bet ] 

+006 

±007 

±006 

±007 

±009 

±0-15 

The  extreme  variation  of  0^*30  occurred  in  one  case,  and  that  of  0^*25 
in  three  cases. 

It  takes  about  four  minutes  to  read  a  complete  set  of  ordinary 
thermometers. 

The  rate  of  heating  by  gas,  and  of  cooling  after  the  gas  has  been 
wholly  turned  of!,  is  of  course  much  affected  by  the  temperature  of  the 
air  of  the  room ;  it  may  be  roughly  taken  as  follows : — 


When  the  water  in  the  veeeel  ia  about  ... 

46° 

100° 

150° 

200° 

Bue  of  temperature  in  5  minutes  when  1 
the  gas  is  turned  fully  on j 

2°-80 

2°-26 

1°06 

l«-46 

Fall  of  temperature  in  5  minutes  when  1 
the  gas  is  turned  wholly  off. 



0°-26 

0°-60 

l°O0 

The  rate  of  cooling  is  much  reduced  when  the  process  consists  in  first 
raising  the  water  to  the  highest  required  temperature,  and  then  cooling 
it  by  successive  additions  of  cold  water.  The  heat  of  the  stuffing  that 
surrounds  the  vessel  being  thus  much  higher  than  the  water  it  contains, 
keeps  it  at  an  equable  temperature. 

The  temperature  of  the  water  in  the  vessel,  after  agitating  it  and 
allowing  it  to  settle,  differs  somewhat  at  different  levels ;  this  is  due  to 
the  impossibility  of  securing  perfect  intermixture  and  to  the  variations  of 
the  temperature  of  the  stuffing  in  respect  to  that  of  the  water.  The 
greatest  differences  observed  between  a  thermometer  whose  bulb  was 
immersed  2  inches  below  the  level  of  the  water  and  one  that  was  im- 
mersed 19  inches  was  0^*68. 
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March  22, 1877. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  reoeived  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  ''On  Stratified  Discharges. — IV.  Stratified  and  Unstratified 
Forms  of  the  Jar-Discharge."  By  William  Spottiswoode, 
M.A.,  Treas.R.S.     Received  March  7, 1877. 

It  is  well  known  that  if  a  Leyden  jar  be  discharged  through  a  yacuam- 
tube,  the  discharge  generally  ti^es  the  form  of  an  unbroken  column  of 
light,  extending  from  the  point  of  the  positive  terminal  to  the  hilt  of  the 
negative,  t.  e.  to  the  extreme  negative  end  of  the  tube,  and  that  it  shows 
no  trace  of  either  negative  glow  or  intervening  dark  space.  On  the 
other  hand  I  have  found,  by  experiments  with  a  large  Leyden  battery, 
that  if  a  tube  have  one  terminal  connected  with  the  negatively  charged 
coating  of  the  battery  and  the  other  held  beyond  striking-distance  from 
the  positively  charged  coating,  the  discharge  in  the  tube  vnll  show  a 
separation  of  the  positive  from  the  negative  part  by  a  dark  intervening 
space.  Under  suitable  circumstances  of  exhaustion  it  will  also  show 
strisB,  in  the  same  manner  as  when  the  discharge  is  effected  directly  with 
a  Holtz  machine,  having  the  conductors  either  closed  or  open  beyond 
striking-distance  (see  Roy.  Soc.  Proceedings,  vol.  xxiii.  p.  460).  Again, 
I  have  found,  with  the  same  battery,  that  if  the  tube  be  connected 
otherwise  as  before,  and  held  at  a  distance  less  than  at  first,  but  a  little 
greater  than  striking-distance,  a  stratified  discharge  much  more  brilliant 
and  more  like  that  produced  by  a  coil  will  be  exhibited.  It  should  be 
remarked  that  the  latter  form  of  discharge  appears  to  the  unassisted  eye, 
in  the  cases  which  I  have  examined,  as  an  unbroken  column  of  light,  but 
with  a  negative  glow  and  dark  space.  A  revolving  mirror,  however,  re- 
solves the  column  into  a  regular  array  of  stri»,  having  a  rapid  proper 
motion  towards  the  positive  terminal. 

The  transition  irom  the  first  to  the  second  of  these  forms,  and  from 
the  second  to  the  jar-disdiarge  proper  when  the  tube  was  brought  within 
striking-distance,  was,  if  not  absolutely  abrupt,  at  all  events  so  rapid 
that  this  form  of  experiment  gave  no  prospect  of  following  one  form 
into  the  other.  With  a  view  to  examining  the  transition  as  closely  as 
possible  a  Holtz  machine  was  employed,  and  the  jars  having  been  taken 
off,  a  pair  of  mica  plates  partially  covered  with  thif oil  was  used  in  their 
stead.     By  sliding  one  plate  over  the  other,  so  that  more  or  less  of 

• 
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tiie  coyered  parts  were  brought  &ce  to  &ce,  a  jar  was  formed  the 
size  (tf  which  could  be  varied  at  pleasure.  An  air-spark  of  adjustable 
length  was  also  introduced  into  the  circuit  between  the  machine  and  the 
tube. 

This  arrangement  was  subsequently  replaced  by  tiie  following,  which 
in  some  respects  proved  more  convenient : — ^A  battery  of  one  or  more 
jars  was  used  in  the  place  of  the  mica  plates.  The  outside  of  this  bat- 
tery and  one  terminal  of  the  tube  were  connected  with  the  earth ;  and 
^e  inside  and  the  other  terminal  were  alternately  connected  with  the 
positive  conductor  of  the  machine,  so  that  the  battery  was  alternately 
charged  and  discharged  through  the  tube.  The  amount  of  charge  was 
regulated  partly  by  the  distance  through  which  the  conductors  of  the 
machine  were  separated,  and  partly  by  the  number  of  revolutions  of  the 
machine  during  which  the  charging  took  place.  It  was  consequently  in- 
dependent of  the  absolute  time  of  contact.  It  will  be  observed  that  this 
arrangement  did  not  give  the  same  opportunity  of  a  continuous  variation 
of  jar  surface  as  the  forst;  but,  on  the  other  hand,  the  changes  of  phase 
in  Uie  phenomenon  due  to  increments  of  charge  were  capable  of  indefinite 
diminution  by  shortening  the  distance  between  the  conductors  of  the 
madiine  and  by  increasing  the  number  of  the  jars. 

The  first  object  proposed  was  to  ascertain  whether  a  jar  could  be 
charged  with  so  small  a  quantity  of  electricity  as  of  itself  to  give  a 
stratified  discharge  in  a  tube ;  in  other  words,  whether  the  resistance  of 
the  tube  itself,  if  resistance  it  be,  could  by  a  suitable  charge  of  jar  be 
made  to  insure  a  stratified  discharge.  For  this  purpose  a  jar  was  charged 
with  small  sparks  from  the  machine,  and  discharged  after  receiving 
charges  of  1,  2,  3,  ^.  sparks  in  succession.  The  experiment  proved 
successful  with  a  coal-gas  tube  at  a  pressure  of  about  4  millims. :  charges 
of  tliree  sparks  gave  bright  flake-like  stratifications  ;  higher  charges  gave 
a  discharge  with  a  positive  column,  a  negative  glow,  and  a  dark  space, 
although  the  stria  were  not  always  discernible.  But  when  the  charge 
exceeded  5  or  6  sparks,  the  positive  column  advanced  so  far  as  to  obU- 
terate  the  dark  space,  and  ultimately  made  its  way  to  the  hilt  of  the 
terminal. 

Similar  experiments  were  made  with  both  forms  of  instrumental 
arrangement,  and  with  tubes  containing  different  gases  and  at  different 
pressures. 

A  number  of  tubes  tried  with  various  amounts  of  battery-charge,  but 
with  the  same  sur&ice,  showed  that,  as  the  charge  was  increased,  the  head 
of  the  positive  column  advanced  towards  the  negative  terminal,  the  dark 
space  became  narrower,  and  the  glow  contracted  in  dimensions;  and 
iriien  the  head  of  the  colipin  drew  very  near  to  the  negative  terminal, 
the  glow,  instead  of  covering  the  whole  sur&ice  of  the  terminal,  formed  a 
small  drop  at  the  point.  On  still  further  increasing  the  charge,  the 
drop  witiidrew  to  the  liilt  of  the  terminal ;  and  finally,  when  it  bad  com- 
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pletely  retreated  into  the  hilt,  the  continuous  or  true  jar-discharge  took 
place. 

With  a  view  to  testing  experimentally  how  far  the  effects  here  de- 
scribed were  due  to  quantity  and  how  far  to  tension,  the  size  of  the  jar 
was  altered,  all  other  circumstances  remaining  the  same.  It  was  then 
found  not  only,  as  before,  that  small  charges  gave  stratified  and  large 
unstratified  (Uscharges,  but  also  that  the  maximum  charge  compatible 
with  stratification  was  greater  with  a  large  than  with  a  small  jar. 

As  a  further  experiment  in  this  direction,  a  series  of  jars  were  arranged 
in  cascade;  and  it  was  found  that  the  greater  the  number  of  jars  so 
arranged,  the  smaller  the  charge  necessary  to  insure  a  true  jar-discharge. 
A  charge  insufficient  to  destroy  stratification  with  one  jar  was  sufficient 
to  destroy  them  when  more  than  one  was  used  in  cascade.  These  results 
point  to  tension  rather  than  to  quantity  as  the  determining  cause  of  the 
character  of  the  discharge. 

In  fact,  haying  taken  a  number  of  jars  of  the  same  size,  and  having 
ascertained  the  maximum  charge  with  which  one  jar  could  be  charged 
without  obliterating  stratification,  say,  'Hhe  critical  charge,"  I  found 
that  the  critical  charge  for  2,  3,  .  .  .  jars  arranged  for  quantity  was  2, 
3,  .  .  .  times  that  for  a  single  jar ;  and,  on  the  other  hand,  that  the 
critical  charge  for  2,  3  .  .  .  jars  arranged  in  series  was  1 : 2,  1 : 3,  .  .  . 
of  that  for  a  single  jar.  The  illumination,  however,  was  always  greater 
with  the  larger  charges,  t.  e.  with  the  greater  quantity  of  eleciaicity  dis- 
charged. 

The  experiments  above  described  were  made  first  with  tubes  in  which 
the  pressure  was  moderately  high.  They  were  afterwards  repeated  with 
lower  pressures,  and  results  of  the  same  character  as  before  were  obtained. 
But,  owing  to  the  smaller  amount  of  the  critiod  charges,  to  the  greater  ex- 
tension of  the  negative  glow,  and  to  the  consequently  increased  delicacy 
of  the  phenomena,  the  same  numerical  precision  was  not  attained.  But 
there  seems  no  reason  to  doubt  that  the  discrepancies  might  be  indefinitely 
diminished  by  instrumental  refinements. 

The  duration  of  the  stratified  discharges  observed  throughout  these 
experiments  was  exceedingly  short,  indistinguishable,  in  &ct,  from  that  of 
the  true  jar-discharge.  When  viewed  in  a  revolving  mirror,  either  with 
or  without  a  slit,  they  showed  no  sign  whatever  of  prolonged  duration ; 
and  we  may  thence  conclude  that,  so  &r  as  our  present  instrumental 
arrangements  extend,  there  is  no  inferior  limit  to  the  duration  of  dis- 
charge necessary  for  the  production  of  stria. 

In  connexion  with  this  part  of  the  subject  another  form  of  experiment 
was  arranged.  Beside  the  jars  hitherto  described  another  was  used, 
having  its  inner  surface  connected  with  one  terminal  of  the  tube,  and  its 
outer  with  the  other.  When  this  disposition  was  made,  the  additional 
jar  acted  as  a  buffer,  and  produced  a  stratified  discharge  under  drcum- 
stances  which  would  without  it  have  produced  a  true  jar-discharge. 
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A  comparison  of  the  results  here  obtained  with  those  detailed  in  Fart 
IL  of  these  researches  shows  that  the  phenomena  produced  by  suitable 
disposition  of  the  Lejden  battery  coincide  with  those  produced  bj  the 
induction-OMl.  With  the  coil  it  was  found  that  (1)  for  a  given  electro* 
motiye  force  the  column  of  striie  was  shorter  the  larger  the  battery- 
sur&ce  or  str^gth  of  current  used ;  (2)  that  the  proper  motion,  when 
directed,  as  usual,  towards  the  positive  terminal,  was  more  rapid  the 
greeAer  the  electromotive  force  employed.  With  the  Leyden  battery  it 
was  found  that  (1)  in  order  to  maintain  the  same  length  of  column  with 
an  increased  surface,  the  charge  must  be  increased  in  a  larger  proportion 
than  the  sur&ce ;  and  (2)  it  was  noticed  that  the  striae,  which  when  the 
tension  was  low  were  distinct  and  weU  separated,  became  more  blurred 
as  the  tension  rose,  until  they  sometimes  were  blended  into  an  apparently 
nnlnroken  column  of  light.  The  presence,  however,  of  the  negative  glow 
atiQ  showed  that  the  true  jar-discharge  had  not  yet  been  reached. 


II.  '*  On  Friction  between  Surfaces  moving  at  Low  Speeds.'*  By 
Fleeming  Jenkin,  F.R.SS.  L.  &  E.,  Professor  of  Engineering 
in  the  University  of  Edinburgh^  and  J.  A.  Ewino.  Received 
March  8,  1877. 

(Abstract.) 

The  common  belief  regarding  friction,  which  is  based  on  the  researches 
of  Coulomb  and  Morin,  is  that  between  surfoces  in  motion  the  friction 
is  independent  of  the  velocity,  but  that  the  force  required  to  start  the 
sliding  is  (in  some  cases  at  least)  greater  than  the  force  required  to  over- 
come friction  during  motion;  in  other  words,  the  static  coefficient  is 
usually  considered  to  be  greater  than  the  kinetic.  It  occurred  to  the 
authors  that  there  might  possibly  be  continuity  between  the  two  kinds  of 
friction,  instead  of  an  abrupt  change  at  the  instant  in  which  motion 
begins.  We  should  thus  expect  that  when  the  relative  motion  of  the  sur- 
faces is  very  slow  there  will  be  a  gradual  increase  of  friction  as  the  velocity 
diminishes.  Whether  any  such  increase  takes  place  at  vfery  low  speeds 
is  left  an  open  question  by  the  experiments  of  Coulomb  and  Morin,  whose 
methods  did  not  enable  definite  measurements  of  the  friction  to  be  made 
wh^i  the  velocity  was  exceedingly  small.  The  authors  have  succeeded 
in  measuring  the  friction  between  surfaces  moving  with  as  low  a  velocity 
as  one  five-thousandth  of  a  foot  per  second,  and  have  found  that  in  cer- 
tain cases  there  is  decided  increase  in  the  coefficient  of  friction  as  the 
velocity  diminishes. . 

The  apparatus  made  use  of  consisted  of  a  cast-iron  disk  2  feet  in 
diameter  and  weighing  86*2  lbs.,  supported  on  a  steel  axle  whose  ends 
were  less  than  one  tenth  of  an  inch  in  diameter.  These  ends  were  sup- 
ported in  bearings  which  consisted  of  rectangular  notches  cut  in  pieces 
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of  the  material  whose  £riction  against  steel  was  to  be  measured.  The 
disk  was  caused  to  reyolve  and  then  left  to  itself,  when  it  came  to  rest 
in  consequence  of  the  friction  on  the  ends  of  the  axle.  The  rate  of 
retardation  was  found  as  follows  : — ^A  strip  of  paper  2|  inches  J^road  was 
stretched  round  the  periphery  of  the  disk,  and  a  pendulum  was  caused  to 
swing  across  this  paper  in  a  plane  perpendicular  to  that  of  the  disk.  On 
the  pendulum  was  fastened  a  fine  glass  siphon,  one  end  of  which  dipped 
into  a  box  containing  ink,  whilst  the  other  stood  at  a  short  distance  from 
the  paper  strip,  across  which  it  was  carried  as  the  pendulum  oscillated. 
By  keeping  the  ink-box  strongly  electrified  ink  was  deposited  on  the  paper 
by  the  point  of  the  siphon  in  a  rapid  succession  of  fine  spots.  By  this 
means,  without  the  introduction  of  any  new  source  of  friction,  a  per- 
manent record  \('as  made  of  the  resultant  motion  of  the  pendulum  and 
the  revolving  disk.  This  frictionless  method  of  recording  was  designed 
by  Sir  William  Thomson  for  telegraphic  purposes,  and  is  employed  in  his 
siphon  recorder.  From  the  curve  drawn  in  this  way  it  was  easy  to 
determine  the  rate  of  retardation  of  the  disk  (and  therefore  the  friction) 
corresponding  to  various  velocities  of  the  rubbing  surfaces.  The  lowest 
velocity  for  which  the  determinations  were  definite  was  about  0*0002  foot 
per  second,  and  the  highest  velocity  to  which  the  experiments  extended 
was  0*01  foot  per  second.  The  surfaces  examined  were  steel  on  steel,  steel 
on  brass,  steel  on  agate,  steel  on  beech,  and  steel  on  greenheart — in  each 
case  under  the  three  conditions,  dry,  oiled,  and  wet  with  water.  In  the  cases 
steel  on  beech  oiled  or  wet  with  water,  and  steel  on  greenheart  oiled  or 
wet  with  water,  the  coefficient  of  friction  increased  as  the  velocity  dimi- 
nished between  the  two  limits  given  above,  the  increase  amounting  to 
about  twenty  per  cent,  of  the  lower  value.  It  appeared  ihnt  at  the 
higher  limit  of  velocity  there  was  little  further  tendency  to  change  in 
the  coefficient ;  but  it  is  impossible  to  say  how  much  additional  change 
might  take  place  between  the  lower  limit  of  the  velocity  and  rest.  In 
the  case  of  steel  on  agate  wet  with  water  there  was  a  similar  but  much 
less  marked  increase  of  friction  as  the  velocity  decreased ;  and  in  the 
case  of  steel  on  steel  oiled  there  was  a  slight  and  somewhat  uncertain 
change  of  the  opposite  character — ^that  is,  a  decrease  of  friction  as  the 
velocity  decreased.  This  case,  however,  would  require  further  examina- 
tion. In  all  other  cases  the  friction  seemed  to  be  perfectly  constant  and 
independent  of  the  velocity.  Out  of  all  the  sets  of  circumstances  inves- 
tigated, the  only  ones  in  which  there  was  a  large  difiEerence  between  the 
static  and  kinetic  values  of  the  coefficient  of  friction  were  those  in  whidi 
a  decided  increase  was  observed  in  the  kinetic  value  as  the  speed 
decreased.  This  result  renders  it  exceedingly  probable  that  there  is  con- 
tinuity between  the  two  kinds  of  friction. 
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m.  "  Magnetic  Observations  at  Kerguelen."    By  the  Rev.  S.  J. 
Perby,  S.J.,  P.R.S.     Received  March  15,  1877. 

The  Gt)verDment  expedition  to  Kerguelen  iBland  for  the  obeerration 
of  the  Transit  of  Venus  on  December  8th,  1874,  presented  a  very  &vour- 
able  opportunity  for  the  accurate  determination  of  the  magnetic  elements 
of  an  important  station  in  the  South-Indian  Ocean,  and  one  which  will 
at  most  be  visited  only  at  distant  intervals  for  the  purpose  of  scientific 
investigations.  When,  therefore,  1  heard  of  my  appointment  to  that 
station,  1  at  once  brought  the  question  of  terrestrial  magnetism  under 
the  notice  of  the  Astronomer  Royal,  and  he  readily  agreed  to  my  pro- 
posal of  taking  a  complete  set  of  magnetic  instruments  to  Kerguelen,  and 
of  making  any  observations  that  would  not  interfere  with  the  main  object 
of  our  expedition. 

Being  in  charge  of  the  whole  Kerguelen  party  of  observers,  I  could  not 
expect  to  be  able  to  devote  much  time  personally  to  the  magnetic  work ; 
but  the  Rev.  W.  Sidgreaves,  whom  long  experience,  both  at  the  Stony- 
hurst  Observatory  and  during  our  magnetic  survey  of  France  in  1868 
and  1869,  had  made  perfectly  conversant  with  all  the  details  both  of 
instruments  and  observations  connected  with  terrestrial  magnetism,  had 
already  been  placed  .on  the  staff  of  astronomical  observers  for  Kerguelen. 
The  assistance  of  a  very  efficient  observer  being  thus  secured,  the  next 
step  was  to  procure  the  necessary  instruments.  Fortunately  I  experi- 
enced no  difficulty  in  this  matter,  as  the  authorities  at  Kew  immediately 
placed  at  my  disposal  a  Jones  unifilar  and  a  Barrow  dip-circle.  There 
was  no  question  of  the  want  of  a  good  chronometer,  as  the  astronomers 
were  to  be  supplied  with  nine  of  these,  besides  the  eight  reserved  exclu- 
sively for  longitude  connexions,  which  remained  always  undisturbed  in 
their  quiet  berth  on  shipboard. 

It  was  at  first  proposed  by  Sir  Edward  Sabine  that  we  should  take  a 
series  of  magnetic  observations  at  sea  during  our  voyage  from  England 
to  the  Gape  of  Good  Hope  and  thence  to  Kerguelen,  and  a  spedal 
instrument  was  ready  for  the  purpose ;  but  as  it  was  finally  arranged 
thftt  we  should  perform  the  first  part  of  our  journey  in  the  mail-steamer, 
it  was  thought  advisable  by  the  Hydrographer  of  the  Admiralty  to  relin- 
quish all  idea  of  taking  magnetic  observations  at  sea. 

The  land  instruments  were  made  use  of  on  almost  every  available 
occasion,  both  at  Kerguelen  and  during  our  journey ;  but  I  will  confine 
myself  in  this  paper  to  the  Kerguelen  results,  reserving  the  other  obsov 
vations  for  a  separate  communication. 

The  constants  for  the  temperature-correction,  and  for  other  data 
regarding  the  magnets  employed,  were  kindly  determined  for  me  by 
Mr.  Whipple  at  Kew. 

No  correction  for  error  of  graduation  of  deflection-bar  was  found 
necessary. 
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The  angular  value  of  one  division  of  the  scale  of  the  vibration-magnet 
No.  3  =2'*3.  This  was  again  tested  at  the  Cape  of  Grood  Hope,  and 
found  to  be  2'  16"'7.  The  same  magnet  had  for  its  induction-coefficient 
0*0002204,  and  its  dimensions  of  inertia  were  the  following : — ^Length 
0-31736  foot,  diameter  0-032681  foot,  and  weight  979-127  grains. 

The  correction  to  35°  Eahr.  was 

0-0001683  (<-35°)+0-000000466  (<-357; 

and  log  w^^Jc  at  60°  Fahr.  =  1-675300. 

Our  chief  astronomical  station  at  Kerguelen  was  Observatory  Bay,  a 
little  to  the  south  of  the  north-west  comer  of  Eoyal  Sound,  its  approxi- 
mate latitude  being  49°  25'  ir-9  S.,  and  its  longitude  4^  39"  34»-3  E. 
of  Greenwich.  At  this  station  a  long  series  of  observations  of  the  dip, 
horizontal  force,  and  declination  were  taken  during  our  four  months' 
stay.  The  trips  undertaken  for  the  establishment  of  our  two  secondary 
stations  at  Swain's  Haulover  and  at  Thumb  Peak,  and  also  for  the  longi- 
tude connexions,  afforded  opportunities  of  observing  the  magnetic  elements 
at  the  second  and  third  British  stations,  as  well  as  at  that  of  the  Americans 
at  MoUoy  Point.  The  existence  of  a  magnetic  observatory  at  the  G^erman 
station  rendered  unnecessary  any  further  observations  at  Betsy  Cove.  A 
brick  pier  was  erected  on  a  solid  foundation  at  Observatory  Bay  for  the 
magnetic  instruments,  and  most  of  the  observations  were  made  on  this 

spot. 

The  Magnetic  Dip, 

The  dip  observations  were  taken  with  three  needles,  and  the  results 
obtained  on  different  days  are  all  entered  in  the  following  Table : — 


Obeenratory  Bay  . 
Swain's  Haulover . 
Thumb  Peak 


Obflerrafcory  Bay  . 


1874-76. 


November  13.. 
December  13., 
December  21 .. 
December  23.. 
January  13  ., 
January  30  . , 
February  18  .. 


No.  1.       No.  2.       No.  3.      Mean. 


7§    4    17^    6  15 

70  69  6871    3    2:70  67 

71    6  381    

71  67    671  54  30 
71  52  40  71  56  64 

71  58  3071  64  21  72    3  34 
71  42    6 


72 
1071 


43§ 
0  3 
71  6  38 
71  55  48 
71  64  47 
71  68  48 
71  42    6 


The  station  at  Swain's  Haulover  was  six  or  seven  miles  to  the  south 
of  Observatory  Bay,  and  Thumb  Peak  about  the  same  distance  due  east 
of  the  Haulover.  At  Thumb  Peak  there  was  only  time  to  observe  with 
a  single  needle ;  the  weather,  too,  was  bad,  and  the  spot  chosen  not  v^y 
favourable,  being  on  the  shingle  near  the  water's  edge.  The  readings  on 
January  30th  were  taken  on  the  rocks  near  the  landing  cove.  The  last 
observation  at  Observatory  Bay  was  made  near  the  top  of  the  rock  over- 
hanging the  dwelling,  and  in  a  rather  unsteady  position ;  it  is  therefore 
less  reliable  than  the  others.  The  true  dip  for  January  Ist,  1875,  at 
Observatory  Bay  will  probably  be  a  little  in  excess  of  71°  55'  13"'4, 
which  is  the  mean  of  the  observed  values. 
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The  Mtignetic  InUntUy. 

The  horizontal  component  of  the  intensity  was  determined  in  the  usual 
wmy  by  observations  of  vibration  and  deflection.  Only  one  set  of  obser- 
vations was  taken  at  a  distance  from  the  chief  station,  viz.  that  on 
December  13th,  at  Swain's  Haulover. 


Vibration  Observations. 


Station. 

1874^75. 

Tempe- 
rature. 

Time  of 
one  vi- 
bration. 

LogmX. 

Value  of  m. 

Obsenratory  Bay .  | 
Swain's  Haulover . . . 

ObwrratoryBay. 

November  13... 

„  24... 
December  10... 

„  13... 
January  6 

»     16 

,.     25 

February  9    ... 

4|-4 
59-6 
50-7 
499 
557 
47-9 
48-8 
68-5 

6-47797 
5-48405 
6-48567 
6-57271 
6-49071 
5-48535 
6-48426 
6-49062 

019703 
019724 
0-19(U8 
018250 
0-19606 
0-19621 
019650 
0-19629 

0-45548 
0-45559 
0-45476 
0-4W50 
0-4.')372 
0-45527 
0-45569 
0-45546 

Deflection  Observations. 


Station. 

1874-76. 

DiBtanoea 
of  centres 
of  magnets. 

Tempe- 
rature. 

Observed 
Deflection. 

T        ^ 

November  13... 

ft. 
10 

3^-3 

isiiso 

912003 

Obwrvatory  Bay .  • 

1-3 
1-0 

38-3 
42-7 

6  62    1 
16    9  16 

911980 
911920 

1-3 

43-2 

6  61  23 

911955 

Swain'B  Haulover .. 

13... 

1-0 

44-9 

15  38  14 

913267 

13 

46-7 

7    339 

913246 

/ 

January  6 

lO 

52-2 

15    3  59 

911755 

13 

50-0 

6  48  53 

911750 

Observatory  Bay.  < 

.,     16 

1-0 

46-6 

15  10  49 

912032 

M     29 

10 

41-6 

15  13    0 

912084 

'^ 

February  9 

1-0 

61-3 

15  10  41 

9-12060 

In  the  above  Tables  m  represents  the  magnetic  moment  of  the  vibra- 
tion-needle, and  X  the  earth's  horizontal  magnetic  intensity. 

In  deducing  the  vertical  component  and  the  total  intensity  from  the 
horizontal  force,  I  have  made  use  of  the  dip  obtained  on  the  same  day  as 
the  vibrations  and  deflections,  or  on  the  nearest  day  possible.  As,  how- 
ever, the  observation  of  February  18th  is  far  from  reliable,  I  have  adopted 
for  February  9th  the  mean  value  of  the  dip  deduced  from  the  December 
and  January  observations  taken  at  Observatory  Bay,  viz.  71°  56'  28". 


Toi,  xrvi. 
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Station. 


H.F. 


V.F. 


T.F. 


ObMrratory  Bay  . 
Swain's  Hauloyer . 

Obeerratory  Bay  . 


3-4559 
34667 
34547 
3-3494 
3-4615 
34510 
3-4501 
3-4502 


10-6852 
106876 
10-5884 
97278 
10-5986 
10-5665 
10-5952 
10-6816 


11-2327 
112353 
11-1378 
10-2883 
111496 
111158 
111428 
11-1299 


If,  now,  we  combine  each  determination  of  the  horizontal  force  with  the 
mean  value  of  the  dip  for  December  and  January,  we  obtain  the  following 
results  at  Observatory  Bay  for  the  Vertical  Force  and  the  Total  In- 
tensity : — 


V.P. 

T.P. 

10-5991 

n-1483 

10-6015 

11-1509 

10-5954 

11-1444 

10-6163 

11-1663 

10-5841 

11-1325 

10-5813 

11-1296 

10-5816 

11-1299 

The  probable  error  of  the  mean  value  of  the  intensity  is  thus  reduced 
from  ±0-0126  to  ±0-0035;  we  may  therefore  consider  11-1431  as  the 
adopted  value  of  the  total  force  for  January  Ist,  1875. 

The  Magnetic  Declination, 
The  advantage  of  a  fixed  observatory  enabled  us  to  determine  with 
great  exactness  the  direction  of  the  astronomical  meridian,  and  to  connect 
the  position  of  the  magnetic  pier  with  the  sites  of  the  astronomical  instru- 
ments. On  January  28th  and  on  February  5th  observations  of  the  sun 
were  taken  with  an  excellent  transit  theodolite  made  expressly  for  the 
expedition  by  Messrs.  Troughton  and  Simms.  The  results  give  the 
foUowing  values  for  the  azimuth  of  a  well-defined  point  on  the  Prince  of 
Wales's  Foreland,  some  ten  miles  distant : — 

Circle  right  Circle  left. 


January  28th   95  17  10 

February  5th  95  19  30-5 


95  18  27 
95  18  18 


95  18  20-25       95  18  22-5 

The  resulting  azimuth  of  the  Foreland  would  therefore  be  95^  18'  21"-d8 
E.  of  the  north  point.  The  correctness  of  this  angle,  on  which  all  the 
declinations  depend,  was  tested  by  a  series  of  measurements  connectlxig 
the  azimuth  of  the  Foreland  (F)  with  the  azimuth  mark  (m)  of  the  great 
theodolite,  a  most  accurate  instrument,  especially  designed  by  Sir  G.  B. 
Airy  for  the  lunar  longitude  observations  at  Kerguelen.    As  the  Fore- 
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land  was  not  visible  from  the  altazimuth  hut  (H),  which  stood,  however, 
not  &r  from  the  magfuetic  pier  (P),  the  two  marks  were  connected  as 


foUows: — ^Let  N,  JN'  be  the  true  north,  and  A,  B,  U  distant  points  on 
a  mountain  seen  over  H  from  P.  By  careful  readings  of  A,  B,  C,  and 
m  from  P  and  H  the  following  values  of  the  angle  m  were  found — T  18", 
r  26",  r  20",  r  37",  r  28",  r  14",  giving  as  a  mean  7  25".  This, 
applied  to  the  azimuth  of  m  from  H  (which  was  accurately  known  from 
daily  readings  to  be  65°  41'  12"),  made  the  azimuth  of  m  from  P 
c=65®  33'  47".  The  angle  m  P  F  was  then  found  by  repeated  measures  to 
be  39°  44'  22",  which  gave  as  a  final  result  the  angle  P  P  N  =«  95**  18'  9". 
As  this  is  almost  identical  with  the  value  obtained  above  from  direct 
solar  observations,  we  can  adopt  the  mean  of  the  two,  viz.  95°  18'  15", 
as  the  azimuth  of  the  Foreland;  and  thus  we  have  only  to  take  the 
bearing  of  the  magnet  with  respect  to  this  point  in  order  to  obtain  the 
results  included  in  the  subjoined  Table. 

Observed  Declinations. 


Bearing 

Circle 

Scale 

Circle 

of  mag- 

W. De- 
clination. 

1874-75, 

L.M.T.  1  reading  of 
,  Magnet. 

correo- 
tioru 

reading  of 
Foreland. 

net  south 
ofFore- 

Daily  means. 

I     land. 

Not.  13.. 

h  m 
3  50  P.M. 

175  43  55 

-32  21 

126  13  55  4§  57  3$i 

3S44  ^ 

3S44    fl 

Nov.  24  ... 

1040a.ii. 

182  34  201    „    „ 

133  12  50       49    9 

62  86 

52  36 

1050 

>f      f»         •»    f* 

»»             M                         »•         »• 

««        «• 

Dw.3 

6  0  p.m.  236  44  15     ,.    .. 

187  19  35       51  19 

Wl  26 

50  28 

Dec  10  ... 

4  0 

233  44  15     „    „ 

184  20  201      51  34 

60  11 

60  U 

Jan.  6 

4   5 

193  45    5 

*t    If 

144  16    0 

56  44 

45    1 

45    1 

Jan.  13  ... 

440 
12  0 

265  23"50 

»)     »f 

210  58"50 

52  39 

»»     » 
49    6 

48    8 

215  p.m. 

•f      it 

-31  54 

»»      f» 

.53    6 

48  39 

315 

-30  45  j 

»f      »» 

54  15 

47  30 

340 

If      '• 

-29  37  I 

55  2,S 

46  22 

4  15 

«      ..     ,-29  10| 

»      » 

55  50 

45  56 

h2 
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Bearing 

1874-76. 

L.M.T. 

Circle 
reading  of 

Scale 
oorrec- 

Cirole 
reading  of 

of  mag- 
net BOUth 

W.De- 

clination. 

Daily  meant. 

Magnet. 

tion. 

Foreland. 

of  Fore- 
land. 

Jan.  13  ... 

hm 
435  p.m. 

265  23  65 

-32  36 

2185^  60 

4§5i2^ 

sS49'ao 

MoTed  mag- 
net  before 
obterralion. 

615 

tf      11 

-32  21 

If      If 

52  39 

49    6 

Jan.  16  ... 

616 
1215 

196  25"40 

ff    ff 
If    II 

If      II 
146    3  20 

II    II 
49  59 

II       11 

51  46 

3S5I  3ft 

1245 

»f      If 

-32    7 

II      II 

60  13 

61  32 

Jan.  21  ... 

10dOA.M. 

241  27  20 

-32  21 

192    3  25 

61  34 

50  11 

47  54 

1115 

f»      »» 

-27  20 

If      fi 

66  35 

45  10 

1145 

ti      tt 

-25  58 

If      fi 

57  57 

43  48 

1215  p.m. 

ti      11 

-27  20 

tf      If 

56  35 

45  10 

1245 

It      If 

-26  26 

II      II 

57  29 

44  16 

426 

144  52  10 

-32  21 

9530    0 

49  49 

61  56 

5  0 

If      If 

-32    7 

If      ff 

50    3 

51  42 

630 

II      II 

-31  26 

II      II 

50  44 

51     1 

Jan.  25  ... 

442 

214  12  40 

-32  21 

164  46  10 

64    9 

47  36 

48  10 

6  6 

tt      II 

-33  29 

fi      If 

53    1 

48  44 

Feb.  6 

10  0a.m. 

192  51  15 

-32  21 

143  31  46 

57    9 

44  36 

43  43 

1035 

II      II 

-28  66 

ff      ff 

49    0  34 

41  11 

1110 

If      ff 

-28    1 

ff      f> 

1  29 

40  16 

1140 

II      fi 

-27  20 

II      II 

2  10 

39  35 

246  p.m. 

193    2    0 

-31  64 

143  27    0 

2  12 

39  33 

New  euspen* 
noQ-thraad. 

415 

193  24    0 

-32  21 

143  59  10 

48  62  29 

49  16 

616 

II      II 

-34  38 

II      If 

50  12 

51  33 

Feb.  8 

10  0a.m. 

254  25    0 

-32  35 

206    5  10 

47  15 

54  30 

3540    2 

1030 

II      fi 

-32  21 

ft      f» 

47  29 

64  16 

11   0 
1130 

If      ff 

-31  54 

ff      It 

47  56 

63  49 

' 

II      II 

II    II 

tt      ti 

ft    It 

ti    fl 

12  0 

If      fi 

-31  26 

It      It 

48  24 

63  21 

1230  p.m. 

ff      II 

-28  29 

If      ff 

61  21 

60  24 

Magnet    ri- 
bnting  oon- 
•iderably. 

ISO 

II      If 

-25  58 

tf      II 

63  62 

47  53 

230 

II      fi 

-22  20 

II      II 

57  30 

44  15 

3  0 

If      If 

-20  44 

II      II 

69    6 

42  39 

350 

fi      II 

-20  17 

H            ff 

59  33 

42  12 

530 

II      II 

-23  28 

If           ff 

56  22 

45  23 

6  0 

II      II 

-24  23 

fl            II 

55  27 

46  1^ 

645 

fi      II 

-26  26 

•1           II 

63  24 

48  21 

7   0 

II      II 

-27  20 

II            II 

52  30 

49  15 

Feb.  9 

3  0 

182  53  40 

-32  21 

133  24    5 

57  14 

44  31 

35  43  65 

330 

II      II 

-29  37 

fl      II 

59  58 

41  47 

4  0 

»i      II 

-33  16 

56  19 

45  26 

Feb.    11... 

945  a.m. 

185  48  40 

-32  21 

136  30"l0 

46    9 

65  36 

64  18 

10  0 

II      If 

-34  24 

II      II 

44    6 

57  39 

1030 

ff      II 

-33  57 

II      fl 

44  33 

67  12 

Magnet  oaeil- 
lating  vio- 

lenUy. 

11   0 

„      .,    1-32  21 

If      fl 

46    9 

55  36 

1130 

„      .,     -33  16 

II      fl 

47    4 

54  41 

1215  p.m. 

If      If 

-38    2 

If      II 

51  50 

49  55 

1230 

II      II 

-38  31 

II      II 

52  19 

49  26 

.     „. 

Adopt 

edmean. 

55^48' 24"  W. 
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The  dedinatioii  magnet  used  throogfaoat  these  observations  was  inoa- 
paUe  of  rapid  reversion ;  and  therefore  the  lero  of  the  scale  was  tested 
carefollj  bj  several  reversions  previoos  to  oar  departure  from  the  island, 
and  it  was  found  to  be  53*9.  A  very  favourable  series  of  reversions,  at 
Gape-Town  Observatory  had  previously  given  54*2  as  the  eero  division. 

The  above  readings  of  the  declination  show  an  absolute  maximum  c/t 
85«  57'  12^  at  10  jum.  on  February  11th,  and  a  minimum  of  35°  39'  33" 
at  2.45  P.M.  on  February  6th ;  the  range,  theref^e,  for  the  month,  as  hat 
as  observed,  is  IT  39",  and  the  mean  declination  =35""  48'  22"*5.  The 
daOy  means  give  a  slightly  larger  W.  declination,  with  a  range  of  only 
10'  12"  iot  the  whole  series  of  observations. 

Nothing  more  of  course  than  the  very  roughest  idea  can  be  formed  of 
the  diurnal  range  from  the  few  observations  taken ;  but  there  is  some 
evidence  at  least  of  an  easterly  movement  of  the  needle  between  10  ▲.](. 
and  3  P.M.,  foUowed  by  a  westerly  motion  that  continued  till  7  p.m«  The 
greatest  mean  velocity  of  the  magnet  was  about  3'  40"  per  hour  at  2  p.m.  ; 
but  the  velocity  once  reached  8'  an  hour,  viz.  at  10  a.m.,  during  the  dis^ 
turbance  on  February  llth*  As  there  are  many  disturbing  causes  that 
probably  affect  the  eartii's  magnetism  as  a  whole,  it  may  not  be  irrelevant 
to  remark  that  an  examination  of  the  Stonyhurst  magnetograms  on 
all  the  days  occurring  in  the  above  Table  of  Declinations  shows  that 
February  11th  was  the  only  disturbed  day  in  England,  and  that,  with  the 
exception  of  a  slight  tremulous  motion  of  the  needle  on  November  13th 
and  14th,  on  December  10th,  and  on  Felnruary  8th,  the  observing  days 
were  remarkably  quiet. 

Besides  the  series  of  observations  taken  at  Observatory  Bay,  other 
determinations  of  the  dedination  were  made  at  Swain's  Haulover,  at 
Thumb  Peak,  and  at  MoUoy  Point ;  but  as  some  doubt  still  remains  to 
be  cleared  up  respecting  the  errors  and  rates  of  the  chronometers  em- 
ployed in  the  sun  observations,  1  will  defer  the  publication  of  the  results 
until  this  essential  point  is  satis&ctorily  settied. 

Previous  to  these  observations,  taken  in  connexicm  vnth  the  Oovem- 
ment  Transit-of-Venus  Expedition,  the  only  magnetic  observations  at 
Kerguelen  on  record,  if  we  except  any  possible  results  obtained  by  Captain 
Cook  in  the  last  century,  are  those  of  Sir  J.  Boss  in  1840  and  of  H.M.S. 
<  Challenger '  in  1874.  The  values  contained  in  Sir  Edward  Sabine's 
**  Contributions  to  Terrestrial  Magnestism,  No.  XI."  (PhiL  Trans.  1868), 
famish  the  data  necessary  for  a  comparison  with  our  present  work. 

Adopting  71^  56'  28"  for  the  dip  of  the  south  end  of  the  needle  at 
Observatory  Bay  on  January  1st,  1875,  and  comparing  this  value  with 
the  observation  of  Sir  J.  Boss  in  1840,  after  correcting  the  dip  of  -  70^*0 
at  CSiristmas  Harbour  by  —  0^*4  for  change  of  station  to  Boyal  Sound, 
we  find  a  secular  variation  of  about  —  2'*7.  But  if  we  consult  the  Table 
of  numerical  coefficients  deduced  from  all  the  collected  observations,  and 
take  the  value  of  the  dip  in  1840  for  the  station  whose  longitude  is  70°  E. 
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and  latitude  50^  S.,  which  was  approximately  our  position  at  Observatoiy 
Bay,  we  obtain  a  secular  variation  of  — 2'-3.  We  may  therefore  fairly 
<x>nclude  that  — 2'*5  represents  the  annual  change  with  consideraUo 
accuracy* 

.  Passing  from  the  dip  to  the  total  force  we  find  11*323  to  be  in  British 
units  the  mean  of  three  determinations  from  observations  made  on  shore 
by  H.M.S.  *  Erebus '  and  *  Terror.'  If,  now,  we  apply  the  correction 
-f  Ol  for  the  change  from  Christmas  Harbour  to  Boyal  Sound,  the  result 
is  still  somewhat  less  than  the  mean  of  the  observations  taken  near  the 
eastern  extremity  of  Kerguelen  during  the  epoch  1840-45.  Adopting 
11-423  as  the  mean  value  for  1842-45,  and  11*143  for  1875,  we  obtain  a 
secular  diminution  of  0*0086  in  this  element  of  terrestrial  magnetism. 

The  annual  increase  of  the  declination  will  be  +7'*0,  if  we  take  the 
Approximate  value  of  32*0  W.  from  the  map  of  Sir  E.  Sabine  as  repre- 
senting the  declination  for  the  epoch  1842-45. 

IV.  ''On  the  Variations  of  the  Daily  Range  of  the  Magnetic 
Declination  as  recorded  'at  the  Kew  Observatory.'*  By 
Balfour  Stewart,  LL.D.,  F.R.S.,  Professor  of  Natural 
Philosophy  at  the  Owens  College,  Manchester.  Received 
February  28,  1877. 

1.  The  daily  range  of  the  magnetic  declination  at  any  station  may 
perhaps  be  regarded  as  a  convenient  representative  of  the  magnetic 
activity  of  the  place.  For  while  a  thorough  discussion  of  the  diurnal 
magnetic  changes  must  embrace  along  with  the  declination  the  two  com- 
ponents of  the  force,  yet,  as  regards  such  daily  ranges,  the  dedination 
gives  results  which  are  not  only  more  prominent  but  also  more  easily 
procurable  and  subject  to  fewer  uncertainties  than  similar  ones  for  the 
other  two  elements. 

In  estimating  the  daily  range  of  the  magnetic  declination,  as  recorded 
at  the  Kew  Observatory,  I  have  excluded  the  disturbed  observations,  con- 
ceiving that  by  so  doing  a  better  indication  of  the  true  magnetical  activity 
of  the  place  would  be  obtained  than  by  including  them,  inasmuch  as  they 
follow  a  very  different  set  of  laws  from  that  of  the  well-known  diurnal 
declination-range.  The  disturbed  observations  have  been  separated  by 
the  method  of  Sir  E.  Sabine,  those  being  rejected  as  disturbed  for  whi«h 
the  measurements  on  the  photographic  curve  are  0*150  inch  either  above 
or  below  the  mean  value  for  that  month  and  hour,  one  inch  denoting 
22^*04  of  angular  change.  The  daily  ranges  are  here  given  in  indies,  and 
they  denote  the  differences  between  the  greatest  and  least  values  of  each 

.  da/s  hourly  tabulations  from  the  curve,  disturbances  being  ezduded.  I 
am  indebted  to  the  kindness  of  the  Kew  Committee  for  giving  me  the 
daily  ranges  herein  discussed,  extending  from  the  beginning  of  1858  {o 

*^he  end  of  1873,  thus  embracing  in  all  sixteen  years'  observations. 
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A.  Afinticd  Variation  of  Dsdinationr-range. 
2.  The  following  Table  exhibits  mean  monthly  resnlts  of  the  declina- 
tion-range corresponding  to  48  points  in  the  year.  It  will  afterwards  be 
seen  (art.  7)  that  the  declination-range  depends  amongst  other  things  on 
the  relative  position  of  the  sun  and  moon,  and  hence  to  eliminate  this 
inequality  I  have  resorted  to  monthly  means. 

Table  L — Containing  Monthly  Means  (48  to  the  year)  of  the  Diurnal 
Declination-ranges,  thus  : — January  (0)  gives  the  Monthly  Mean  of 
which  the  Middle  Date  is  the  very  commencement  of  the  Year, 
January  (1)  that  for  one  Week  after  the  commencement,  and  so  on. 


Date. 

1858-61. 

1862-65. 

1866-9. 

1870-3. 

MeuL 

Jan.    (0) 

•325 

•320 

•249 

•352 

•312 

»      (1) 

•334 

•329 

•265 

•367 

•323 

«      (2) 

•344 

•348 

•279 

•389 

•340 

..      (3) 

•356 

•363 

•313 

•414 

•362 

Feb.    (0) 

•389 

•369 

•347 

•435 

•385 

«      (1) 

•414 

•371 

•359 

•458 

•401 

„      (2) 

•438 

•379 

•378 

•476 

•418 

»      (3) 

•479 

•389 

•388 

•496 

•438 

"Mar.  (0) 

•512 

•418 

•395 

•545 

•467 

»      (1) 

•654 

•465 

•425 

•689 

•508 

„      (2) 

•593 

•504 

•463 

•634 

•548 

«      (3) 

•635 

•538 

•499 

•675 

•687 

April  (0) 

•664 

•554 

•537 

•704 

•615 

„      (1) 

•689 

•552 

•556 

•731 

•632 

„      (2) 

•697 

•547 

•555 

•756 

•639 

«      (3) 

•664 

•535 

•545 

•738 

•620 

May    (0) 

•641 

•526 

•516 

•713 

•599 

«       (1) 

•605 

•528 

•504 

•688 

•681 

»      (2) 

•600 

•532 

•508 

•652 

•573 

«      (3) 

•619 

•549 

•516 

•667 

•586 

June  (0) 

•626 

•568 

•529 

•663 

•696 

»      (1) 

•637 

•574 

•538 

•669 

•605 

»      (2) 

•633 

•582 

•541 

•685 

•610 

»      (3) 

•614 

•581 

•539 

•683 

•604 

July    (0> 

•613 

•566 

•533 

•692 

•601 

»      (1) 

•606 

•558 

•633 

•692 

•697 

«      (2) 

•611 

•547 

•526 

•678 

•691 

«       (3) 

•612 

•537 

•528 

•692 

•693 

Aug.   (0) 

•611 

•546 

•638 

•681 

•694 

»      (1) 

•623 

•651 

•644 

•684 

•601 

«      (2) 

•635 

•653 

•660 

•700 

•611 

„    (3; 

•631 

•562 

•544 

•686 

•606 

Sept.  (0) 

•623 

•547 

•634 

•671 
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Table  I.  (eoni\ 

Intied). 

Date. 

lers-ei. 

1862-65. 

18«6-». 

1870-8. 

Mmi. 

Sept.  (1) 

•609 

•540 

•514 

•646 

•577 

.,       (2) 

•681 

•523 

•494 

•621 

•554 

«       (3) 

•559 

•493 

•481 

•695 

•632 

Oct.    (0) 

•537 

•483 

•458 

•673 

•513 

«       (1) 

•522 

•464 

•445 

•652 

•496 

«       (2) 

•604 

•448 

•437 

•522 

•478 

«       (3) 

•486 

•445 

•418 

•503 

•463 

Nov.   (0) 

•465 

•427 

•408 

•480 

•445 

»      (1) 

•420 

•402 

•389 

•462 

•418 

»      (2> 

•389 

•376 

•361 

•430 

•389 

»      (3) 

•363 

•354 

•333 

•390 

•360 

Dec.    (0) 

•341 

•337 

•309 

•371 

•340 

„      (1) 

•341 

•321 

•279 

•345 

•322 

«    ■  (2) 

•323 

•311 

•259 

•339 

•308 

„      (3) 

•325 

•305 

•254 

•349 

•308 

3.  It  wUl  be  seen  from  Table  I.  that  while  there  ia  a  maximum  of 
declinatiou-raoge  in  June  about  the  time  of  the  Bummer  solstice,  there  are 
also  maxima  in  April  and  August,  and  that  a  behaviour  of  this  kind  ia 
indicated  in  each  four  years'  observations.  Comparing  this  result  with  that 
embodying  the  annual  variation  of  tempeirature-range  at  Kew  (Proc.  Eoy. 
Soc.  1877,  vol.  XXV.  p.  578),  it  will  be  seen  that  the  latter  variation  has  only 
one  maximum  in  July.  Perhaps  there  is  a  reference  to  the  equinoxes  as  well 
as  to  the  solstices  in  the  annual  variation  of  the  declination-range.  A 
comparison  of  the  two  is  exhibited  in  Figs.  IX.,  X.,  p.  120  (Fig.  IX.  giving 
declination-  and  Fig.  X.  temporature-ranges). 

B.  Vafiatians  of  Long  Period, 

4.  It  is  well  known  that  the  range  of  the  magnetic  declination  has  a 
long-period  variation,  apparently  connected  with  the  physical  state  of  the 
sun's  surface.  In  order  to  investigate  the  nature  and  closeness  of  this 
connexion  the  following  plan  has  been  adopted : — Let  us  assume  as  the 
most  probable  hypothesis  that  the  cause  which  exalts  or  depresses  the 
mean  annual  declination-range  exalts  or  depresses  also  in  a  similar 
manner  the  variations  of  this  from  one  month  to  another.  This  is  what 
would  take  place  if  we  could  imagine  the  effect  to  be  produced  by  some 
influence  emanating  from  the  sun,  which  acted  more  powerfully  on  some 
years  than  on  others,  while  the  variations  of  this  effect  due  to  the  sun's 
position  in  the  ecliptic  were  also  altered  in  the  same  proportion.  On  the 
whole  this  is  borne  out  by  Table  L  Constructing,  now,  a  Table  for  each 
year,  and  for  48  points  in  each  year,  and  reckoning  the  mean  of  the  16 
years'  ranges  for  each  of  these  points  (as  exhibited  in  the  last  column  of 
Table  I.)  equal  to  1000,  we  find  in  Table  II.  a  series  of  values  exhibiting 
the  proportion  between  the  observed  range  for  any  point  of  any  one  year, 
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5.  The  numbers  of  Table  II.  require  to  be  further  dealt  with  before 
they  can  be  made  to  fumiflh  a  curve,  bringing  out  the  long-period  varia- 
tion of  the  declination-range.  Let  us  first  take  for  this  purpose,  as  well 
as  for  other  objects  to  be  afterwards  mentioned,  a  series  of  values  derived 
from  the  numbers  of  Table  II.,  each  representing  the  mean  of  12  conse- 
cutive values  of  Table  IL  These  maj  be  termed  three-monthly  values. 
Thus,  for  instance,  we  have  as  follows ; — 

Tabub  in. — ^Exhibiting  the  Method  of  obtaining  Three-monthly  Values. 


Date,  1868. 

Feb.  (3) 

Mar.  (0) 
«  (1) 
»  (2) 
„    (3) 

Apr.  (0) 

t,  (1) 


Monthly  Yaluet 
for  Table  n. 

1034 
1022 
1025 
1025 

988 

952 

940 


Three-Monthly 
Values. 


983 
983 
980 
974 
961 
950 


I- 


983 


977 


955 


We  have  thus,  in  the  last  column  of  Table  TIT,,  a  series  of  three- 
monthly  values  corresponding  to  the  beginning  and  middle  points  of  each 
month.  In  the  next  place,  by  adding  together  a  certain  three  of  these 
values,  we  may  obtain  nine-monthly  values.  Thus  the  three-monthly 
value  for  March  (0),  as  above,  is  983,  while  that  for  June  (0)  is  885,  and 
for  Sept.  (0)  986 ;  the  mean  of  these  (being  951)  is  the  nine-monliily  value 
corresponding  to  June  (0).  Nine-monthly  values  have  thus  been  obtained 
corresponding  to  the  beginnings  of  each  month;  and  finaUy,  by  adding 
these  together,  two  and  two,  a  series  of  nine-monthly  values  have  been 
obtained  corresponding  to  the  middle  points  of  each  month.  These  are 
given  in  Table  lY.,  and  a  curve  exhibiting  them  is  likewise  given  in 
Fig.  U.  attached  to  this  paper.  Again,  the  numbers  given  by  Messrs.  De 
La  Bue,  Stewart,  and  Loewy  in  their  paper  on  *'  Solar  Physics  "  (Phil. 
Trans.  1870,  page  111),  exhibiting  the  spotted  area  of  the  sun's  visible 
hemisphere  for  the  years  for  which  we  have  Kew  declination  results, 
have  been  treated  in  a  manner  precisely  similar  to  the  above ;  that  is  to 
say,  nine-monthly  values  corresponding  to  the  middle  of  each  m(mth 
have  been  obtained.  These  values  are  given  in  Table  V.,  and  a  curve 
exhibiting  them  is  likewise  given  in  Fig.  I.  (p.  105). 
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1858. 

1859. 

i860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

1867. 

1868. 

Jan.  (a) 

••• 

1082 

1109 

1030 

945 

1008 

945 

909 

879 

8fi 

«1» 

Feb,  (a) 

••• 

'"^ 

1113 

1029 

9+» 

1009 

94* 

910 

867 

850 

»17 

Mar.  (a) 

... 

1088 

1116 

1026 

947 

1006 

9H 

907 

850 

>44 

846 

April  (2) 

... 

1094 

1117 

1030 

946 

X 

i;? 

902 

»J7 

8i» 

S^9 

May  (2) 

... 

1 105 

1 109 

1036 

94" 

898 

81, 

810 

876 

June  (2| 

957 

1112 

1104 

1032 

94* 

971 

887 

894 

826 

8it 

891 

July  (2^ 

960 

1112 

1093 

1029 

956 

976 

890 

IE 

8,» 

80+ 

S! 

Aug.  (2) 

962 

1107 

1075 

1027 

979 

988 

900 

844 

799 

Sept.  (2) 
Oct.  (2) 

975 

1095 

1063 

1016 

1002 

986 

914 

»5i 

801 

874 

997 

1092 

1050 

995 

1013 

974 

921 

Sit 

»•>* 

«07 

878 

Not.  (z) 

1030 

1097 

1040 

975 

lOIO 

962 

918 

888 

85* 

816 

88{ 

Dec  (2> 

1061 

1102 

1034 

960 

1007 

952 

911 

884 

8j. 

8»7 

Table  V. — Spofcted  Areas,  Nine-monttily  Valuec 

1. 

1858. 

1859. 

i860. 

1861. 

1862. 

1863. 

1864. 

1865. 

1866. 

1867. 

Jan.  ^2) 

504 

1 122 

1311 

1343 

1112 

9»3 

770 

605 

522 

7* 

Fteb.   (21 

530 

1086 

1220 

1400 

1 173 

829 

868 

482 

«S 

Mar.  (2) 

538 

1 107 

1246 

1426 

1249 

'41 

943 

574 

438 

55 

April  (2) 
ifay  2^ 
June  (2) 

595 

1241 

1240 

«359 

1266 

982 

510 

410 

116 

654 

1316 

1144 

1313 

1268 

623 

904 

474 

361 

"53 

706 

1361 

1254 

1333 

1285 

560 

% 

tel 

283 

194 

July  iVl 

778 

1446 

1292 

1352 

1249 

528 

198 

211 

Aug.  <2I 

871 

1462 

1357 

1316 

1271 

760 

398 

144 

*34 

Sept.  (21 

983 

1485 

1370 

1265 
1236 

1294 

606 

!*3 

461 

120 

251 

Oct  (21 

1030 

153* 

1402 

1231 

671 

830 

513 

100 

262 

Not.  (2) 

105 1 

1563 

1437 

1150 

1133 

710 

736 

535 

',i 

305 

Dec  (2) 

1100 

1500 

1378 

1077 

1005 

715 

643 

537 

6.  If  we  compare  together  Figs.  I.  and  U.  (p.  105),  it  will  be  s^n  that 
tiiere  are  a  good  many  points  in  the  one  cnrye  which  we  are  fairly  entitled 
to  identify  with  corresponding  points  in  the  other ;  of  these,  h  and  i  repre- 
sent the  respective  maximum  and  minimum  points.  There  is,  however, 
a  fluctuation  between  d  and  e  on  the  declination-curve  that  has  no  corre- 
sponding fluctuation  on  the  sun-spot  curve ;  while,  on  the  other  hand, 
there  are  a  series  of  smaU  fluctuations  on  the  sun-spot  curve  between 
h  and  e  which  have  no  distinct  analogues  on  the  declination-curve.  It 
will,  however,  be  seen  that  both  of  these  discordant  r^ons  are  repre- 
sented by  dotted  lines  on  the  sun-spot  curve ;  that  is  to  say,  they  repre- 
sent results  derived  either  wholly  or  in  part  frem  Schwabe's  eye-observa* 
tions  while  the  Kew  photo-heliograph  was  not  in  addon. 

Again,  it  will  be  remarked  that  each  of  the  corresponding  points  occurs 
later  in  point  of  time  in  the  declination  than  in  the  sun-spot  curve.  Thus 
we  have : — 
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Date  in  Solar 

Date  in  Declination- 

^Differ«no^in 

cunre. 

CUTTe. 

Moatha. 

a. 

Jan.  15,  1859 

July   15,1859 

6 

h. 

Nov.  15,  1859 

Apr.  15,  1860 

5 

c. 

Dec.  15,  1861 

June    0, 1862 

5i  doubtful 

d. 

Sept.  15,  1862 

Mar.    0,1863 

5i 

'«. 

Aug.    0,1863 

June  15,  1864 

10^  doubtful 

/. 

Apr.  15,  1864 

Oct.    15,1864 

6 

9- 

July   15,1866 

June    0, 1866 

lOi 

h. 

Dec.  15,1865 

Oct.    15,1866 

10 

i. 

Mar.  15,  1867 

Aug.  15,  1867 

5 

I  shaU  return  again  to  this  subject  at  a  future  part  of  this  paper. 

C.  Lunar  Annual  Variation. 

7.  For  the  purpose  of  discovering  this  variation  the  whole  period  of 
observation  has  been  portioned  out  into  lunations,  beginning  with  new 
moon.  Each  lunation  is  divided  into  eight  parts,  entitled  (0),  (1),  (2), 
(3),  (4),  (5),  (6),  (7) ;  (0)  denoting  new,  and  (4)  full  moon. 

These  various  lunations  thus  divided,  with  the  corresponding  values  of 
the  declination-range,  are  exhibited  in  Table  VL,  the  values  of  which  have 
been  obtained  by  a  method  of  treatment  precisely  similar  to  that  adopted 
for  the  Kew  temperature-ranges,  and  described  in  a  previous  paper 
(Proc.  Eoy.  Soc.  1877,  vol.  xxv.  p.  581). 

Tabls  YI. — ^Exhibiting  the  Dedination-ranges  grouped  according 

to  Lunations. 


Run- 

Lunation 

ning 

(0) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

No. 

new  moon. 

I. 

Jan.    15, 

1858. 

•»87 

•3" 

■^, 

•261 

•3«7 

*437 

•417 

•3«7 

2. 

Feb.     13, 

)> 

■504 

•470 

•383 

•473 

•557 

u 

•504 

3. 

Mar.    1 5, 

)f 

■5*1 

•609 

•591 

•S3* 

•550 

•621 

■5*9 

4- 

May    13, 

i» 

•55« 

•606 

•636 

•559 

*54» 

•465 

•520 

•$io 

5- 

„ 

•488 

•4" 

.446 

•561 

•578 

'S4A- 

•541 

•487 

6. 

June    II, 

tt 

•561 

•546 

•536 

'439 

•426 

•558 

•563 

•536 

7* 

July    10, 

»* 

•57» 

•616 

•539 

•568 

•617 

•61$ 

•534 

•46* 

8. 

Aug.     9. 

w 

•537 

•570 

•556 

54" 

•552 

•582 

•575 

•500 

9- 

Sept      7, 

»» 

•5»6 

•633 

*595 

•53> 

•486 

•537 

•613 

•602 

lO. 

Oct       7, 

»l 

•506 

•499 

•508 

•539 

•580 

*5!4 

•522 

•480 

II. 

Nov.      5, 

«* 

•4' 5 

•361 

•417 

•404 

•337 

•382 

•375 

•276 

12. 

Dec.       5, 

«• 

'no 

•289 

•367 

•367 

•35' 

•374 

•319 

•286 

1 3.    '  Jan.      4, 

1859. 

•289 

'H' 

•364 

•366 

•387 

•»94 

•»93 

•368 

14.      Feb.      3, 

>• 

•387 

•48» 

•471 

'426 

•479 

•500 

•493 

•511 

\l 

Mar.     4, 

t» 

•«s 

•569 

•624 

•645 

•664 

•704 

•676 

74* 

t^j  I: 

tt 

•74* 

•74« 

•867 

914 

•894 

•8,9 

•766 

•711 

17- 

f> 

•603 

•613 

•621 

•655 

•670 

•640 

•570 

•622 

18. 

June      I, 

>* 

•73« 

710 

•667 

•625 

•607 

•576 

•647 

•694 

19. 

June    30, 

„ 

740 

•66» 

•561 

•656 

•681 

•537 

•537 

599 

20. 

July    29, 

II 

•646 

•68s 

•599 

•586 

•638 

•652 

•097 

•739 

21. 

Aug.    28, 

II 

•753 

■616 

•547 

•652 

•646 

•670 

•63. 

•611 
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Ill 


Son- 

Lunation 

1 

ning 

commencing 

(0) 

.0) 

(2) 

.(3) 

(4) 

(&) 

(«) 

(7)  ; 

No. 

new  moon. 

22. 

Sept 

26,  1859. 

•603 

•621 

•558 

•520 

•472 

•503 

•548 

•53* 

»3- 

Oct. 

»6,      „ 

•549 

•475 

•4«3 

•45 » 

•464 

•433 

•39» 

•370 

H- 

Not. 

»4.      ., 

•340 

•332 

•388 

•412 

•386 

•378 

*345 

•366 

*5- 

Dec 

24»       »» 

•3'7 

•3'7 

•402 

•450 

•365 

•3'5 

•347 

•398 

26. 

Jan. 

23,  i860. 

•442 

•403 

■359 

•342 

•382 

•467 

•435 

•445 

a?- 

Feb. 

21,      „ 

•458 

•461 

•533 

•590 

•633 

•709 

•662 

•594 

28. 

Mar. 

22,      tt 

•662 

•661 

617 

•720 

•720 

•643 

•719 

•716 

29. 

^.y 

21,            M 

•684 

•625 

•598 

•597 

•677 

•660 

•639 

•688 

30- 

*o,       „ 

•687 

•663 

•624 

•659 

•788 

•822 

•690 

•686 

31- 

June 

19.            .» 

•738 

•684 

•629 

•573 

•634 

■652 

•594 

•546 

32- 

July 

18,            « 

•617 

•760 

•772 

•786 

•738 

•677 

•613 

•648 

33- 

Aug. 

16,            „ 

•700 

•701 

•668 

•700 

•697 

•614 

•492 

•486 

34- 

Sept. 

15.            » 

•504 

•568 

•620 

•573 

•521 

•470 

•518 

•539 

35- 

Oct. 

14.            », 

•586 

•527 

•483 

•522 

•509 

•460 

•446 

•419 

36. 

Not. 

i3»     .. 

•400 

•367 

•319 

•3»3 

•380 

•359 

•272 

•293 

37. 

Dec. 

12,      „ 

•274 

•303 

•353 

•318 

•244 

•^43 

•321 

•i?5 

38. 

Jan. 

II,  1861. 

•300 

■297 

•361 

•395 

'4' 7 

•390 

•395 

•362 

39- 

Feb. 

9>      » 

•417 

•418 

•466 

•511 

•448 

•452 

•518 

•511 

40. 

Mar. 

»i,      » 

•524 

•511 

•576 

•468 

•485 

•670 

•760 

•781 

4»- 
4»- 

m 

10,      „ 
9»      » 

765 
•638 

•703 
•596 

•712 
•557 

•709 
•551 

•714 
•586 

•683 
•622 

•627 
•632 

•639 
•659 

43- 

June 

8.      ,. 

•655 

•634 

•638 

•668 

•690 

•584 

•565 

•617 

44- 

July 

8,      „ 

•637 

•597 

•563 

•621 

•604 

'555 

•559 

593 

45- 

Aug. 

6,      „ 

-684 

•631 

•565 

•624 

-671 

•718 

•644 

•615 

46. 

Sept. 

4»           M 

•653 

•628 

•569 

•601 

•599 

•538 

•449 

'32; 

47. 

Oct 

4»      »» 

•436 

•450 

•415 

•478 

•526 

•466 

*32t 

•388 

48. 

Not. 

2,     ,. 

•374 

•410 

•439 

•406 

•405 

•374 

•386 

•347 

49. 

Dec. 

2,     „ 

•354 

•371 

343 

•318 

•330 

*3'5 

•281 

288 

50, 

Dec. 

31.      ». 

•335 

•302 

•252 

•374 

•345 

•308 

■328 

•3«9 

5"» 

Jan. 

30,  1862. 

•358 

•370 

■394 

•408 

•374 

•374 

•343 

•*75 

5»» 

Feb. 

28,      „ 

•3H 

•412 

•478 

•473 

•484 

•512 

•500 

•525 

53- 

Mar. 

3c.      „ 

•553 

•588 

539 

•480 

•577 

•548 

•501 

•484 

54- 

Apr. 

28,      „ 

•552 

498 

•511 

•522 

•533 

•497 

•477 

*553 

55- 

May 

28.      „ 

•579 

•626 

•622 

•587 

•631 

•583 

•568 

•629 

56. 

June 

27,      » 

•692 

•637 

•562 

•558 

•578 

•635 

'610 

*537 

57. 

July 

26,      „ 

•576 

•582 

•557 

•567 

•558 

•623 

•623 

•604 

58. 

Aug. 

25,      ., 

•646 

•635 

•588 

•582 

•522 

•527 

•5'9 

'57? 

59- 

Sept 

23.      » 

•578 

•522 

•450 

•442 

•407 

•446 

•492 

•448 

60. 

Oct. 

23,      ., 

•445 

•483 

•460 

•4«4 

•448 

•394 

•395 

•422 

61. 

KOT. 

21,      „ 

•390 

•383 

•377 

•382 

•370 

•297 

•292 

•273 

6i. 

Dec. 

21,      „ 

•305 

•337 

•314 

•300 

•388 

•438 

•429 

■404 

63. 

Jan. 

19,  1863. 

•347 

•321 

•413 

•434 

•423 

•454 

•400 

•345 

64. 

Feb. 

18,      „ 

•385 

•430 

•443 

•446 

*453 

459 

•445 

•497 

65. 

Mar. 

i9»      " 

•566 

•6co 

•589 

•608 

•580 

•552 

•625 

•654 

66. 

Apr. 

18,      „ 

•678 

•630 

•573 

•547 

•521 

•580 

•586 

•615 

67. 

M.y 

17.      » 

•663 

•621 

■612 

•572 

•606 

•581 

•566 

•629 

68. 

June 

16,      ., 

•634 

•595 

•538 

•575 

•599 

•610 

•617 

•573 

69. 

July 

15.      .» 

•549 

■533 

•492 

*55i 

•590 

•577 

•584 

■■W. 

70. 

Aug. 

"4,      » 

•580 

•454 

•474 

•538 

•578 

'^t' 

•560 

71- 

Heut. 

I3»      .. 

•590 

•53« 

•502 

•515 

•497 

•487 

•448 

•45  « 

7*- 

Oct. 

12,      „ 

•497 

•469 

•467 

•480 

•418 

•455 

•478 

•457 

73. 

Not. 

* '»      If 

•443 

•411 

•376 

•340 

•321 

•355 

•418 

•430 

74- 

Dec 

10.      „ 

•422 

•340 

•3H 

•341 

•298 

•327 

•319 

•3'7 

75- 

Jan. 

9.  1864. 

•265 

•278 

•374 

•380 

•332 

•358 

•323 

•300 

76. 

Feb. 

7»        n 

•325 

•371 

•382 

•297 

•293 

•360 

•406 

•427 

77. 

Mar. 

8.     ., 

•528 

•550 

'534 

•576 

•589 

•516 

•477 

•5.6 
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Biin- 

I^ination 

^g 

oommendng 

(0) 

(1) 

(2) 

(3) 

(4) 

(5) 

w 

(7) 

No. 

new  moon. 

78. 

Z 

6,1864. 

•587 

•557 

•500 

•468 

•518 

•478 

•507 

•536 

l^' 

6,     .. 

•523 

•49» 

•469 

•479 

•504 

•548 

•520 

•57" 

80. 

June 

4>     » 

•572 

•Sq8 
•583 

•563 

•557 

•584 

•556 

*5«i 

•540 

81. 

July 

4*     » 

•628 

•523 

•510 

•553 

•522 

•486 

•494 

82. 

Aug. 

2>       » 

*497 

•544 

•526 

•567 

•600 

•548 

•520 

•546 

83. 

Sept 

i>     .1 

•531 

•542 

•471 

•433 

•452 

•519 

•456 

•407 

84. 

Sept. 

3o»     ,. 

•439 

•406 

•436 

•422 

•443 

•483 

•490 

44" 

85. 

Oct. 

30.     »f 

•403 

•369 

•346 

•368 

•385 

•370 

•296 

■275 

86. 

Nov. 

29.     « 

'269 

•286 

•311 

•341 

•366 

•315 

•325 

•309 

!7- 

Dec 

18,     ,. 

•247 

*2I2 

•329 

•387 

•326 

•303 

•357 

•335 

88. 

Jan. 

27,  1865. 

•364 

•348 

•384 

•4H 

•314 

•358 

•390 

•425 

89. 

Feb. 

25.     f. 

•484 

•470 

•400 

•408 

*5«3 

•531 

•515 

'■'41 

90. 

Map. 

*7.      t, 

•559 

•533 

531 

•564 

•561 

•476 

•4H 

9»- 

F' 

25.      »» 

•563 

•556 

•509 

.442 

•523 

'^2S 

•526 

•521 

9»- 

24>     »» 

•512 

•493 

•492 

•535 

•559 

•588 

'^H 

•499 

93. 

June 

23,     .» 

•543 

•552 

•539 

SU 

•479 

•495 

•478 

•489 

94. 

July 

22,         H- 

•530 

•504 

•492 

•473 

•542 

•111 

•539 

•567 

95- 

Aug. 

21,          M 

•568 

•509 

•529 

•502 

•557 

•500 

•520 

96. 

Sept. 

X9>         M 

•528 

•5i3 

•516 

•480 

•463 

•486 

•496 

•454 

^l' 

Oct. 

11:  :: 

•423 

443 

•409 

•387 

•376 

.440 

•393 

•356 

98. 

Not. 

•303 

•346 

•310 

•295 

•305 

•285 

•277 

•224 

99- 

Dec 

18,    „ 

•230 

•244 

•243 

•274 

•263 

•234 

•3«7 

•376 

100. 

Jan. 

16, 1866. 

•329 

•308 

•315 

•332 

•313 

•333 

•378 

•426 

101. 

Feb. 

i5>     >t 

•399 

•346 

•349 

•372 

•35? 

•399 

•471 

•410 

I  ox. 

Mar. 

16,     „ 

•395 

•4J5 

•460 

•450 

•528 

•580 

•579 

•614 

103. 

Apr. 

IS.     » 

•638 

tt 

•490 

•396 

•437 

•498 

•382 

•435 

104. 

«4.     » 

'l'5 

•507 

•511 

•S'5 

*474 

•482 

•547 

105. 

June 

12,     „ 

'606 

•560 

•455 

442 

•505 

•463 

•429 

•434 

106. 

July 

«2,      „ 

•498 

•543 

•519 

•477 

'^J 

•444 

•438 

•488 

107. 

Aug. 

10,     „ 

•503 

•473 

•427 

•449 

» 

•479 

•480 

•452 

108. 

Sept. 

9.     ». 

•477 

•453 

.440 

•402 

•416 

•372 

•447 

109. 

Oct. 

8,     „ 

•472 

•460 

'^^ 

•365 

""1 

•»90 

•332 

•353 

•442 

no. 

Nov. 

7.     ,» 

•448 

•427 

•389 

•349 

•309 

•388 

•3H 

III. 

Dec 

7.          M 

•296 

•305 

■l\t 

•319 

::ji 

•238 

'289 

•217 

112. 

Jan. 

6,  1867. 

•309 

•349 

•343 

•241 

•294 

113. 

Feb. 

4.     » 

•346 

•419 

•442 

•395 

•356 

m 

•358 

•397 

114. 

Mar. 

6.     „ 

•400 

•477 

•500 

•443 

•447 

•466 

•487 

•496 

115. 

Apr. 

4.     »» 

•446 

•395 

•483 

•534 

•547 

•477 

•472 

•5"5 

116, 

May 

4>     » 

•so, 
•50I 

•429 

•385 

•400 

•5*4 

•443 

•384 

•503 

117. 

June 

2,     » 

•468 

•396 

•469 

'^V 

•507 

•509 

•465 

118. 

July 

i»     ,. 

•508 

•512 

•430 

*473 

•481 

•500 

•455 

•457 

119. 

July 

3^     »» 

•$04 

•486 

•470 

•5'9 

•547 

*5!3 

•550 

•528 

120. 

Aug. 

29.     ,. 

•543 

•493 

•484 

•431 

•453 

•485 

•420 

•401 

121. 

Sept. 

27,          M 

•414 

•43* 

•387 

•348 

•339 

•418 

•426 

•410 

122. 

Oct. 

27,          „ 

•408 

•349 

r'34' 

•298 

•309 

•361 

•304 

•314 

123. 

Nov. 

26,          „ 

•358 

•247 

[•212] 

[•237] 

r'*33. 

•208 

•237 

•222 

124. 

Dec. 

26,          „ 

•»»4 

•245 

•231 

•242 

[•254 

[•266] 

•277 

•323 

125. 

Jan. 

24,    1868. 

•361 

•319 

•293 

•369 

•376 

•348 

•318 

•336 

126. 

Feb. 

23.       n 

•4»6 

•391 

•392 

•421 

•419 

•398 

•464 

•504 

1*7. 

Biar. 

24,       .» 

■\^ 

•538 

•545 

.588 

•640 

•646 

•626 

•550 

128. 

t^y 

22,       „ 

•636 

*5|Z 

•487 

•502 

•507 

•489 

•558 

129. 

22,       „ 

•495 

•524 

•468 

•450 

•553 

•536 

•516 

130. 

June 

20,       „ 

•563 

•5'S 

•509 

•512 

•539 

•508 

•497 

•487 

131. 

July 

I9»       » 

•493 

'548 

•516 

•532 

•573 

•594 

•584 

•616 

132. 

Aug. 

18,       „ 

•671 

*^3 

•548 

•511 

•480 

•512 

•530 

•488 

"33. 

Sept 

16.       „ 

45* 

•480 

•533 

•504 

•463 

•493 

•44* 

•384 
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Ban- 

Lunation 

ning 

eommenoing 

(0) 

(1) 

(2) 

(3) 

(4) 

w 

(6) 

(7) 

No. 

new  moon. 

"34. 

Oct 

15,  1868. 

•437 

•498 

•474 

•49« 

•391 

•353 

•384 

•310 

"35. 

Not. 

14.     M 

•295 

•35« 

'^h 

•353 

•»53 

'*29 

•258 

•276 

136. 

Deo. 

14.     .. 

•240 

•213 

•186 

•205 

•200 

•181 

"97 

•275 

^^l' 

Jan. 

lo,  1869. 

•258 

•212 

•239 

•215 

•283 

•327 

•417 

•49* 

I3«. 

Feb. 

11,     ,. 

•501 

*4>7 

•400 

•412 

•112 

•35" 

*4>9 

•521 

139. 

Uast, 

i3>     » 

•527 

•467 

•476 

•586 

•560 

•578 

•611 

140. 

45 

12.     « 

•666 

•lis 

•538 

•530 

•582 

•609 

•584 

•616 

141. 

11*     » 

•623 

•521 

•509 

•624 

•689 

•682 

711 

14a. 

June 

10,      „ 

•602 

•561 

'601 

•653 

704 

7'3 

•684 

•655 

143- 

July 

9>     » 

•612 

•593 

'619 

•643 

•690 

•679 

•661 

•668 

«44- 

Aug. 

7.     »» 

•656 
.6I7 

•601 

:i?i 

•619 

•646 

•635 

•593 

•668 

145. 

Sept 

6.     „ 

•640 

•565 

•550 

•565 

■496 

•529 

146. 

Oct 

5*     " 

•575 

•522 

•477 

•436 

•441 

*5^ 

•496 

•475 

147. 

Not. 

3*     n 

•439 

•443 

•475 

•392 

•359 

•378 

•304 

•258 

14S. 

Dee. 

3*     » 

•320 

•367 

•339 

•311 

•234 

•218 

'*i5 

•290 

149. 

Jan. 

a,  1870. 

•344 

•316 

•294 

::.'? 

•284 

•345 

•380 

•374 

150. 

Jan. 

31*     ** 

•414 

•475 

•518 

•461 

•500 

•483 

•453 

151. 

Mar. 

2.     „ 

•535 

•592 

.644 

•649 

•651 

709 

•690 

*^l? 

i5». 

Apr. 

i»     » 

•742 

704 

•811 

775 

741 

•811 

790 

786 

"53- 

n:, 

30,     „ 

745 

•665 

714 

753 

761 

702 

•692 

738 

»54- 

30.     .. 

73* 

'692 

•619 

•643 

759 

•806 

715 

•751 

>55- 

June 

ft8,     „ 

•840 

742 

709 

•826 

•823 

•852 

790 

•695 

156. 

JulT 

ft8,     ,, 

•659 

:^ 

776 

745 

722 

799 

719 

•681 

«57- 

Aug. 

a6.     „ 

739 

750 

713 

720 

729 

•637 

•652 

15S. 

Sept 

25*     »> 

•721 

704 

•6.4 

•547 

•570 

.580 
•52! 

•601 

•562 

«59- 

Oct 

M,     » 

•470 

•586 

•611 

•571 

•509 

•590 

•559 

160. 

Not. 

23,     ,. 

•418 

•375 

•325 

•335 

•343 

•390 

•363 

•312 

161. 

Dec 

a*.     H 

•339 

•335 

•373 

•361 

•367 

•360 

•372 

•357 

16a. 

Jan. 

ai,  1871. 

•372 

•359 

•378 

'*S" 

•471 

•442 

•4"9 

•495 

163. 

Feb. 

19*     »* 

•489 

•557 

•582 

■t 

•603 

•682 

735 

712 

164. 

Mar. 

21,     ., 

•679 

•680 

•673 

•812 

•823 

797 

758 

165. 

^i 

I9>          H 

•819 

•852 

•887 

•814 

•671 

•629 

•650 

•779 

166. 

I9>     >» 
18,     M 

747 

•600 

•583 

7*7 

793 

•855 

773 

•750 

167. 

^xaie 

:» 

•635 

716 

751 

762 

•673 

•677 

738 

168. 

July 

17.     « 

•634 

•589 

'7^ 

767 

761 

722 

737 

169. 

Aug. 

16,     ., 

•841 

:I3 

797 

748 

702 

•684 

7'3 

•663 

170. 

Sept 

14.     t. 

•679 

•495 

'n^ 

•583 

•626 

•638 

•625 

171. 

Oct 

'4.       n 

■**! 

•617 

•559 

•489 

•504 

Sia 

•449 

•421 

I7». 

Not. 

12,       0 

•478 

•493 

•43* 

•419 

•396 

•333 

•359 

•434 

"73- 

Dec 

I»,       >. 

•445 

•449 

•422 

•396 

.318 

•364 

•358 

'4"! 

«74- 

Jan. 

10,  187a. 

'% 

•431 

•478 

•475 

•49« 

•504 

•484 

•478 

175. 
176. 

Feb. 

9>     » 

•508 

•484 

•478 

•474 

•467 

•501 

Mar. 

•584 

628 

•628 

•671 

•664 

•632 

•728 

•74» 

177. 

Js; 

733 

704 

•668 

724 

763 

732 

•625 

•678 

178. 

7>     >* 

719 

•679 

•671 

•604 

•611 

621 

•590 

•610 

179. 

June 

6,     ,. 

723 

753 

•671 

•692 

1? 

704 

•671 

•678 

iS3. 

July 

5>     ** 

•679 

744 

735 

73« 

•608 

.588 

•649 

181. 

Aug. 

4>     *t 

•728 

729 

•684 

•615 

i^t 

•621 

•639 

•686 

tSa. 

Sept 

3>     *> 

•629 

*6o9 

•568 

-560 

•608 

•609 

•572 

•561 

183. 

oSl 

2,     „ 

•591 

*6o8 

•524 

•466 

•428 

•455 

•483 

•489 

184. 

Not. 

1*       n 

•507 

•459 

•459 

•44« 

•432 

•432 

•391 

•393 

185. 

Not. 

3o»     »♦ 

•411 

•405 

•338 

•30a 

•329 

•349 

•365 
.386 

•347 

186. 

Dec 

30,     0 

•355 

•4J3 

•376 

•377* 

•419 

•411 

•459 

187. 

Jan. 

28. 1873. 

•447 

•467 

•476 

•413 

•407 

.446 

•494 

•456 

188. 

Feb. 

27.         M 

•520 

•571 

•53* 

•580 

•597 

•583 

•623 

712 

189. 

Mar. 

»8,     .. 

706 

•658 

•693 

795 

791 

•694 

710 

729 
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Eun- 

Lunation 

nmg 

oommenoing 

(0) 

(1) 

(2) 

(3) 

(4) 

(5) 

(«) 

(7) 

No. 

new  moon. 

190. 

^,  Sr 

733 

•59? 

•568 

•547 

•548 

•618 

•SI6 

•s«s 

191. 

•6a7 

*6i6 

•560 

'519 

•547 

•593 

19a. 

June  »4,     „ 

•649 

•556 

•5*9 

•530 

•625 

SH 

•561 

»93- 

Julj    14,     „ 

•651 

•566 

•622 

•6ia 

■"1 
•578 

■575 

•60s 

»94. 

Aug.    23,     „ 

•599 

•614 

•627 

•608 

•606 

■539 

•S*o 

»95. 

Sept.  ai,     „ 

•570 

•57» 

•534 

•5*3 

•477 

•47f 

♦^ 

•39J 

196. 

Oct.    ai,     „ 

•465 

•417 

•411 

•411 

•383 

•336, 

■  »*«  . 

349 

197. 

Nov.    ac,     „ 

•315 

•375 

•3*3 

•236 

•223 

IHJJ 

l-»63j 

•lit. 

8.  Making  use  of  the  whole  series  of  lunations  of  Table  VL  we  obtain 
the  following  results  :— 

Phase  of  lunation...    (0)       (1)       (2)       (3)        (4)       (5)       (6)       (7) 

Value  of  range -519     '$1%      '499      -499      '507       'SoS     '499      '503       (A) 

a  series  which  presents  the  appearance  of  a  double  period  with  maximft 
about  new  and  full  moon.  A  similar  result  has  been  obtained  for  Lisbon  by 
Senhor  Capello,  Director  of  the  observatory  there  ('  Annals  of  the  Obser- 
vatory/ 1876),  who  finds  that  the  dedination-ranges,  or  rather  the  differ- 
ences of  the  declination  at  8  ajc.  and  at  2  poc.,  obey  a  law  similar  to  that 
stated  above. 

It  may  likewise  be  remarked  (as  was  done  in  the  corresponding  dis- 
cussion of  temperate-ranges)  that  the  sum  of  the  four  left-hand  numbers 
is  larger  than  that  of  the  four  right-hand  numbenn— the  former  being 
2-029,  while  tiie  latter  is  2-017. 

D.  Semiannual  iMnar  Variation. 

9.  If  we  now  make  use  of  the  lunationd  corresponding  to  the  six 
months  of  which  the  middle  point  is  the  winter  solstice,  employing  for 
this  purpose  lunations  1-2,  9-15,  22-27,  34-39,  47-52,  59-64,  71-76, 
84-89,  96-101,  108-114,  121-126,  133-138,  146-151,  158-163, 
170-175,  183-188,  195-197  (in  all  97  lunations)  we  obtain  the  fol- 
lowing result: — 

Phase  of  lunation...      (0)       (1)       (2)       (3)       (4)       (5)       (6)       (7) 


Value  of  winter  1 


range  .i. 


-415      -420      -415       408      -401       409       413      -412      (B) 


But  before  making  use  of  these  numbers  we  must  apply  to  them  a 
small  correction.  For  it  is  possible  that  the  sum  of  the  various  new- 
moon  observations  for  any  six  winter  months,  inasmuch  as  they  occur  at 
dates  preceding  those  of  the  corresponding  full-moon  observations,  or 
observaticms  for  other  phases,  may  be  affected  differently  irofoi  the  latter 
by  the  annual  variation  indicated  in  Table  J.    A  correction  on  this  account 
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has  therefore  been  obtaiiied  from  Table  I.,  and  when  applied  to  (B)  we 
obtain  tiie  f oUowing  result : — 

JHiMe  of  lunation...        (0)        (1)        (2)        (3         (4)        (6)       (6)       (7) 
Corrected  Talue   ofl  ^  .    ,^^ 

winter  MDg© /    '4*7      '4"      •4>6     -409      •4<»       409       ^n      -408    (0) 

Series  (C)  is  represented  in  Pig.  XL  (p.  120). 

10.  If  we  now  make  use  of  the  observations  corresponding  to  the  six 
months  grouped  around  the  summer  solstice  (100  in  all),  we  obtain  the 
following  results : — 

Pha»  of  lunation...     (0)        (1)        (2)        (3)        (4)        (5)        (6)        (7) 

^^^,'!TT^]    '^^      '^'      -^^^       ^S?       6,0       604      's^^      -591       (D) 

and  if  we  apply  to  this  a  residual  correction  analogous  to  that  applied  to 
(B),  we  obtain  as  follows : — 

Pha»  of  lunation...      (0)        (1)       (2)       (3)       (4)        (5)        (6)        (7) 

^t^r'X"'}     '^^      -^      -578      -586      -609       604      '^84      -596'    (E) 

In  series  (E)  we  have  well-marked  maxima  corresponding  to  new  ^^ 
to  full  moon. 

E.   Variations  which  seem  to  depend  on  Planetary  Conjigurations. 

11.  From  art.  6  we  may  conclude  that  the  connexion  between  solar 
spotted  areas  and  declination-ranges  is  an  intimate  one.  Now  Messrs. 
De  La  Bue,  Stewart,  and  Loewj,  in  a  paper  already  quoted  (Phil.  Trans. 
1870),  have  shown  that  the  amount  of  spotted  area  of  the  sun's  surface 
exhibits  a  reference  to  the  chief  planetary  configurations.  It  becomes, 
therefore,  a  question  of  interest  to  ask  whether  declination-ranges  exhibit 
a  reference  of  the  same  kind*. 

In  order  to  reply  to  this  I  have  selected  those  configurations  which 
occur  most  frequ^itly,  and  which  might  therefore  be  supposed  to  be  suffi- 
ciently well  indicated  by  sixteen  years'  observations. 

These  are,  (a)  the  period  of  conjunction  of  Venus  and  Mercury,  (/})  the 
solar  period  of  Mercury,  (y)  the  period  of  conjunction  of  Venus  and 
Jupiter. 

In  the  next  place,  three-monthly  values  for  every  week  have  been  con- 
structed after  the  manner  indicated  in  Table  III.  Now  inasmuch  as  the 
periods  of  the  three  configurations  already  alluded  to  are  not  very  far 
different  from  three  months,  we  may  imagine  that  these  three-monthly 
values  are  to  a  great  extent  free  from  any  inequality  depending  on  these 
periods.  The  differences  between  the  monthly  and  the  three-monthly 
values  will,  however,  exhibit  any  such  inequality  as  may  exist.    These 

*  Hr.  C.  Chambers,  of  the  Bombay  Obserratory,  has  disoussed  the  question  as  to 
whether  certain  other  magnetie  elementi  hate  a  reforence  of  this  kind  (PhiL  Trans, 
1876,  p.  361). 

I2 
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difEerenoes,  slightly  equalized,  are  therefore  made  to  form  the  ordinates 
of  a  curve  of  which  the  time  is  the  abscissa,  and  we  may  expect  to  derive 
from  such  a  curve  materiab  for  determining  whether  there  be  any 
inequality  in  the  declination-range  due  to  such  configurations.  The 
method  employed  in  plotting  this  curve  will  be  understood  from  the  fol- 
lowing example : — 

Table  VIZ. 


Monthly 
ralue. 

Three- 

Final  equalized 

Date,  1858. 

monthly 

Differanoe. 

difference,  plotted 

value. 

in  the  curre. 

Feb.    (3) 

1034 

..   983 

....    +45 

Mar.  (0) 

1022    '•' 

..  983 

....    +40 

+43 

»    (1) 

1025 

..  980 

....    +45 

+42 

»    (2) 

1025 

+  38 

..  974 

....    +32 

..    (3) 

988 

..  961 

....    +  9 

+21 

AppU  (0) 

962 

+  2 

..  950 

....    -  4 

„    (1) 

940 

12.  With  regard  to  the  first  configuration  mentioned  (the  period  of 
conjunction  of  Venus  and  Mercury),  these  observations  embrace  39  periods 
in  all ;  and  summing  up  the  ordinates  of  the  curve  corresponding  to  each 
30  degrees  of  angular  separation  for  the  various  39  periods,  precisely 
after  the  manner  employed  in  the  paper  on  Solar  Physics  already  referred 
to,  we  obtain  the  following  result : — 


Table  Vin.— Vei 

lUC 

)  and  Mercury  together 

(0»  denote 

Between      0 

and 

30 

+193 

»i 

30 

>i 

60 

+  23 

! 

» 

60 

>i 

90 

-196 

» 

90 

>* 

120 

-207 

1 

» 

120 

>f 

150 

-  93 

1 

> 

160 

»> 

180 

-  69 

9 

180 

» 

210 

-  43 

>t 

210 

»i 

240 

+  13 

»> 

240 

>» 

270 

+  26 

»> 

270 

»9 

300 

-  62 

M 

300 

»t 

330 

-  49 

> 

330 

99 

360 

119 

In  Figs.  m.  and  lY.  (p.  105)  the  sun-spot  and  the  declination-curve  for 
this  configuration  are  exhibited  together.  It  will  be  noticed  that  there  is 
a  very  striking  likeness  between  the  two,  the  declination-curve,  however, 


Digitized  by  VjOOQ IC 


1877.]  Range  of  Magnetic  Declination.  117 

lagging  behind  the  other  in  point  of  time,  as  might  be  expected  from 
art.  6. 

13.  Next  with  regard  to  the  second  configuration  (the  solar  period  of 
Mercury),  the  results  are  so  decided  that  half  the  declination  observations 
are  sufiSdent  to  give  a  tolerably  good  value.  This  wiU  be  seen  from  the 
following  Table : — 

Table  IX. — Period  of  Mercury  about  the  Sun  (in  all  65  sets : 
0°  denotes  Perihelion). 

Between     0    and    30  +217 

30      „     60  +163 

60      „      90  -     3 

90      „   120  -168 

„       120      „   150  -281 

„      150      „   180  -276 

„      180      „   210  -151 

„      210      „   240  -     5 

„      240      „  270  +  73 

„      270      „   300  +114 

„       300      „   330  +145 

„      330      „   360  +181 

In  Figs.  Y.  and  YI.  the  supposed  inequalities  due  to  this  period  are 
compared  together  for  spotted  solar  area  and  declination-range.  It  will 
be  observed  that  the  latter  lags  visibly  behind  the  former  in  point  of 
time. 

14.  Let  us,  in  the  last  place,  consider  the  period  of  the  conjunction  of 
Jupiter  and  Mercury.  In  this  case,  as  in  the  previous  one,  the  inequality 
is  so  weU  marked  that  the  observations  may  be  split  into  two  series ;  this 
will  be  seen  from  the  following  Table : — 

Table  X. — Period  of  Ck>njunction  of  Mercury  and  Jupiter 
(in  all  63  sets :  0°  denotes  conjunction). 

Between 


Second  half. 

Whole  feriea. 

+212 

+429 

+280 

+433 

+259 

+256 

+  173 

+     5 

+     1 

-280 

-163 

-439 

-262 

-413 

-274 

-279 

-213 

-140 

-101 

+  13 

+  13 

+158 

+  97 

+278 

o 

o 

Finthalf. 

Second  half.     Whole  tenet. 

0 

and    30 

+  198 

+435              +633 

30 

„     60 

+236 

+523              +759 

60 

„     90 

+225 

+427            +662 

90 

„    120 

+  119 

+209            +328 

120 

„   150 

-   46 

-  73            -119 

150 

„   180 

—185 

-319            -504 

180 

„   210 

-251 

-427            -678 

210 

„   240 

-230 

-447            -677 

240 

„   270 

-157 

-391            -548 

270 

„  300 

-  91 

-231            -322 

300 

„  330 

0 

-  10            -  10 

330 

„  360 

+  118 

+225             +343 

Digitized  by  Google 

118  Prof.  B.  Stewart  on  the  Daily  [Mar.  22, 

In  Figs.  yn.  and  YUI.  the  supposed  inequalities  due  to  the  abore  period 
are  compared  together  for  solar  spotted  area  and  dedination-range.  It 
will  be  noticed  that  the  latter  lags  yisiblj  behind  the  former  in  point  of 
time* 

F.  Eemarhs  on  the  supposed  relations  between  Solar  spotted  areas^ 
Dedination-ranges,  and  Temperature^anges, 

15.  A  few  remarks  on  this  subject  will  not  be  considered  unallowable 
if  the  object  be  not  so  much  to  introduce  a  final  theory  as  to  suggest  a 
working  hypothesis  which,  while  not  inconsistent  with  any  well-esta- 
blished fact,  may  perhaps  serve  to  direct  future  inquiry. 

In  the  first  place,  we  may  conclude,  as  the  result  of  the  comparison  of 
Figs.  I.  and  II.,  that  the  connexion  between  spotted  areas  and  declination- 
ranges  is  of  an  intimate  nature,  the  smaller  inequalities  of  the  one  being 
reproduced  in  the  other  with  modifications. 

16.  In  the  next  place,  it  seems  almost  certain  that  sun-spots  are  not 
the  chief  cause  of  magnetic  action.  Mr.  Broun,  in  a  recent  paper  **  On 
the  Decennial  Period  in  the  Bange  and  Disturbance  of  the  Diurnal  Oscil- 
lations of  the  Magnetic  Needle  and  in  Sun-spot  area"  (Trans.  Boy. 
Soc.  Edinb.  1876),  has  made  a  remark  similar  to  the  above,  founding  it  upon 
the  &ct  that  sun-spots  appear  only  when  the  magnetic  action  exceeds  a 
given  value. 

17.  Nevertheless  it  is  most  probable  that  magnetic  activity  is  some- 
how caused  by  the  sun,  depending  perhaps  on  the  physical  state  of  his 
surface,  while  sun-spots  give  us  only  a  rough  mode  of  estimating  this 
physical  state,  just  as  rainfall  might  in  estimating  the  climate  of  a  place. 
For  it  will  be  seen  that  the  effect  of  the  sun  upon  magnetic  range  bears 
all  the  appearances  of  being  due  to  an  influence  emanating  from  our 
luminary.  For  just  as  the  maxima  of  yearly  and  daily  temperature  lag 
behind  the  corresponding  maxima  of  solar  heat  influence,  so  do  the  maxima 
and  minima  of  declination-range  lag  behind  the  corresponding  maTimft 
and  minima  in  the  solar  curve,  while  the  same  lagging  behind  appears  in 
the  curves,  denoting  the  supposed  influence  of  the  planets  on  the  state  of 
the  solar  surface  and  (through  it  ?)  on  the  magnetic  range. 

18.  Again,  we  may  probably  imagine  that  sun-spots  give  us  a  roughly 
true  indication  of  solar  activity ;  for  if  this  were  not  so  it  would  be 
difficult  to  account  for  the  striking  likeness  between  the  sun-spot  plane- 
tary curves  and  the  declination-range  planetary  curves.  That  the  sun- 
spots  afford  but  a  rough  indication  of  the  physical  state  of  the  sun  will  of 
course  be  gathered  from  the  fact  that  the  sun  is  influential  both  in  meteo- 
rology and  magnetism  when  there  are  no  spots ;  and  the  same  conclusion 
appears  to  be  supported  by  the  fact  that  the  planetary  inequalities  appear 
to  be  more  pronounced  when  derived  from  dedination-ranges  than  when 
derived  from  sun-spots. 

19.  There  seems,  however,  to  be  something  more  than  this ;  there 
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sppears  to  be  in  the  inarch  of  the  declinAtion*iange  from  year  to  year 
(Pig.  n.)  traces  of  a  force  which  prerents  this  range  from  being  strictly 
comparable  with  that  of  sun-spots.  It  will  be  seen  that  after  the  date  of 
peculiarity  a  (Figs.  I.  and  IL)  the  sun-spot  curve  marches  rapidly  up,  while 
the  dedination-range  curve  does  not  so  mount ;  also,  after  the  maximum  6, 
the  sun-spot  curve  falls  more  rapidly  than  the  declination-curve.  Similar 
remarks  will  apply  to  other  points ;  in  fine  we  have  grounds  for  supposing 
the  declinatfon-range  to  be  acted  upon  by  some  other  influence  than  one 
so  represented  by  sun-spots  as  to  follow  their  increase  and  diminution. 

Mr.  J.  A.  Broun,  in  a  series  of  interesting  investigations,  has  indicated 
the  probability  that  there  is  an  influence  of  this  nature ;  and  it  may  fairly 
be  said  that  the  results  of  this  paper  are  at  least  consistent  with  such  an 
hypothesis. 

20.  I  would  next  remark  that  the  hypothesis  asserting  a  connexion  of 
some  kind  between  magnetical  and  meteorological  phenomena  appears  to 
be  borne  out  by  the  results  of  this  paper*. 

It  will  be  noticed  from  Figs.  XL,  XII.  (p.  120),  that  there  is  a  striking 
likeness  between  the  winter  lunar  variation  for  the  declination  and 
temperature  ranges.  There  is  also  a  likeness  between  the  summer  lunar 
variation  for  these  two  elements,  not  so  striking  to  the  eye,  but  which 
will  nevertheless  be  seen  from  the  following  ccnnparison . — 

PhMe  of  lunation...  (0)       (1)       (2)        (3)        (4)       (5)       (6)       (7) 

Sammer  lunar  Tario-  \ 
tion   temperature-  V  16*96    I7*02    17'%^     lyiz    ij*^$    I7*i5     17*14    i7-a7 
range  J 

Summer  lunar  varia- 1 

tion     dedination-  V    '6%o      '600      '571      •586      '609      '604      •584      '596 
range  J 

Both  of  these,  the  first  imperfectly  and  the  latter  fully,  exhibit  marima 
at  or  near  new  and  full  moon.  Again,  while  on  the  whole  there  is  a  like- 
ness between  the  curves  representing  the  annual  variation  for  these  two 
elements,  yet  there  is  also  a  dissimilarity,  inasmuch  as  the  declination- 
curve  (Fig.  IX.)  has  apparently  a  strong  reference  to  the  equinoxes,  which 
is  absent,  or  nearly  so,  in  the  temperature-curve.  But  it  may  be  taken  for 
granted  that  if  there  be  a  connexion  between  magnetism  and  meteorology, 
it  certidnly  cannot  be  of  such  a  nature  that  all  the  meteorological  pecu- 
liarities of  a  place  are  reproduced  in  its  magnetic  phenomena,  for  all 
observation  is  against  a  connexion  of  this  description.  Indeed  any  hypo- 
thesis of  a  connexion  between  these  two  must,  in  order  to  be  consistent 
with  facts,  assume  that  the  magnet  averages  things  so  as  to  be  free,  in  a 
great  measure  if  not  completely,  from  local  peculiarities. 

-  *  Mr.  Baxendell,  of  Manchester,  was  the  first  to  direct  attention  to  this  sulject  in 
a  paper  '*  On  a  Diurnal  Inequality  in  the  Direction  and  Velocity  of  the  Wind,**  appa- 
lently  eonneoted  with  the  daily  changes  of  magnetic  declinatimL  See  Memoirs  of  the 
Lit  and  FhiL  Society  of  Manchester,  vol.  iv.  ser.  8»  p.  210. 
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The  results  of  this  paper  appear  to  be  consistent  with  such  an  hypo- 
thesis when  so  modified. 


21.  It  is  needless  here  to  enter  into  the  yarions  reasons  which  indace  us 
to  believe  in  the  existence  of  a  connexion  between  the  meteorology  of  the 
earth  and  the  physical  state  of  the  sun's  sur&tce.  I  may,  however,  refer  to  a 
paper  '*  On  the  Daily  Bange  of  Atmospheric  Temperature  at  the  Eew  Ob- 
servatory **  (Proc.  Eoy.  Soc.  1877,  vol.  ixv.  p.  680),  in  which  it  was  shown 
that  at  Eew  the  temperature-range  is  somewhat  higher  at  times  of  maximum 
than  at  times  of  minimum  sun-spots.  If,  however,  we  plot  as  a  curve  this 
temperature-range,  it  is  neither  like  Fig.  I.  nor  Fig.  11.,  or  at  least  not  so 
like  as  to  suggest  any  marked  relation  to  the  eye.  (This  curve  is  not  given 
in  this  paper.)  But  on  examining  its  most  prominent  points,  I  find  l^t 
not  a  few  of  these  agree  both  in  direction  and  in  time  with  similar  pecu- 
liarities in  the  magnetic  curve.  Thus  there  is  a  well-marked  prominence 
in  the  temperature-range  curve  corresponding  to  about  the  end  of  May 
1861 ;  now  there  is  a  prominence  in  the  magnetic  curve  at  about  the  same 
date.  Again,  there  is  a  depression  in  both  curves  corresponding  to  about 
the  end  of  May  1862.  Again,  there  is  a  well-marked  depression  in  the 
temperature-curve  corresponding  to  the  end  of  April  1866,  while  in  the 
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decHnation-earYe  there  is  a  weU-marked  depreesion  perhaps  a  month  later. 
Finallj,  l^ere  is  a  depression  in  the  temperatore-carve  corresponding  to 
the  be^nning  of  July  1867,  and  one  in  the  declination-curve  correspond- 
ing to  the  middle  of  August.  I  have  not  been  able  to  notice  anj  marked 
ooinddence  between  the  temperature-range  and  the  sun-spot  curves. 

Without  attempting  to  decide  the  question,  it  appears  that  there  is  at 
least  some  preliminary  evidence  in  fisivonr  of  an  alliance  between  the 
three  phenomena,  solar  spotted  area,  terrestrial  meteorology,  and  terres- 

»ture  that  the  variations  of  the  former  precede 
»int  of  time.  It  will  be  seen  that  this  is  a 
B ;  f or  if  there  be  a  connexion  of  this  nature, 
[nay  become  possible  to  foresee  the  character 
changes.  These  points,  however,  can  only 
irestigations. 

;,  to  thank  Mr.  Wm.  Dodgson,  who  has  given 
edculations  and  diagrams  of  this  paper. 

ned  over  the  Easter  Becess,  to  Thursday, 
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(Abstract) 

In  die  course  of  certain  researches  in  Physiological  Phjsics,  in  which 
the  autlior  of  this  paper  has  been  for  some  time  past  engaged,  it  became 
necessary,  wilii  aview  to  learn  how  far  it  bore  upon  the  subject  in  hand« 
to  inquire  into  the  nature  of  a  peculiar  fact  which  was  observed  by  his 
friend  Mr.  Gk>re,  and  published  in  the  Proceedings  of  the  Boyal  Society, 
January  28th,  1869,  under  the  title  of  ^  A  Momentary  Molecular  Change 
in  Iron  Wire.^  In  this  communication  it  was  shown  that  if  a  strained 
iron  wire  were  heated  to  redness  by  a  vdtaio  current  or  other  means, 
cm  being  aUowed  to  cool,  the  contraction  of  cooling  was  at  a  certain 
point,  and  for  a  limited  period,  arrested  by  an  action  of  elongation. 

♦•  With  wires  of  iron  0-65  millim.  thick  (No.  23)  and  21-5  centims. 
long,  strained  to  the  extent  of  ten  ounces  or  more,  and  heated  to  full  red- 
ness, the  phenomenon  was  clearly  developed.  For  example,  the  needle 
of  the  instrument  went  with  regularity  to  18*5  of  index-plate ;  the  cur- 
rent was  then  stopped ;  the  needle  instantly  retreated  to  17-75,  then  as 
quickly  advanced  to  19*75,  and  then  went  slowly  and  regularly  back,  but 
not  to  sero.  After  shutting  ofE  the  source  of  heat,  the  wire  contracted 
0*75  millim.,  and  then  expanded  2  millims. ;  so  that  it  returned  1*25  millim. 
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bejcmd  the  original  point  of  heating,  and  then  resumed  its  course  towards 
sero,  which  it  failed  to  reach.  The  length  of  the  kick,  plus  the  amount 
of  stretch,  occasioned  during  the  occurrence  bj  the  strain  was  therefore 
2  millims.  If  the  temperature  of  the  wire  was  not  suffidentlj  high,  or 
the  strain  upon  the  wire  not  enough,  the  needle  went  directly  back  with- 
out exhibiting  the  momentary  forward  movem^it.  The  temperature  and 
strain  required  to  be  sufficient  to  actually  stretch  the  wire  somewhat  at 
the  higher  temperature.  A  higher  temperature  with  a  less  degree  of 
strain,  or  a  greater  degree  of  strain  with  a  somewhat  lower  temperature, 
did  not  develop  the  phenomenon.  The  wire  was  found  to  be  permanently 
elongated  on  cooling." 

Mr.  Qt)re  further  observes : — "  The  molecular  change  evidently  includes 
a  diminution  of  cohesion  at  a  particular  temperature  during  the  process 
of  cooling ;  and  it  is  interesting  to  notice  that  at  the  same  temperature 
during  the  heating-process  no  such  loss  of  cohesion  (nor  any  increase  of 
cohesion)  takes  place;  a  certain  temperature  and  strain  are  therefore 
not  alone  sufficient  to  produce  it ;  the  condition  of  cooling  must  also  be 
included.  The  phenomena  which  occur  during  cooling  are  not  the  exact 
converse  of  those  which  take  place  during  heating." 

The  subject  was  subsequently  taken  up  by  Professor  Barrett,  of  Dublin, 
who,  ill  a  paper  to  the '  Philosophical  Magazine '  in  1873  (vol.  xlvi.  p.  472), 
showed,  by  the  use  of  the  mirror,  that  during  the  heating  of  the  wire  a 
converse  action  to  that  which  takes  place  during  cooling  occurs.  He 
says : — ^*  During  the  heating  of  the  wire  a  slight  and  momentary  retrogres- 
sion of  the  beam  was  noticed  at  the  temperature  corresponding  to  the 
powerful  jerk  that  occurred  on  cooling. 

^'  The  temperature  at  which  the  momentary  jerk  occurs  seems  to  be 
lower  in  thick  wires  than  in  thin  ones.  The  momentary  retrttcHon^  as 
closely  as  can  be  judged,  tak^  place  at  the  same  temperature  at  which  the 
dongaHon  takes  place  on  cooling.  Beleasing  the  tension  of  the  spring* 
the  forward  motion  on  cooling  is,  as  might  be  expected,  much  lessened, 
whilst  the  jerk  back  is  scarcely  affected.  Increasing  the  tension  of  the 
spring,  the  forward  jerk  is  correspondingly  increased,  and  the  backward 
jerk  diminishes  and  can  be  made  to  disappear.  Witiiout  the  spring,  an 
iron  wire  can  be  seen  by  the  naked  eye  to  undergo  a  momentary  con- 
,  traction  during  heating,  and  a  momentary  and  more  palpable  elongation 
during  cooling. 

*'  All  kinds  of  iron  do  not  exhibit  this  behaviour ;  and  some  show  it  in 
a  more  or  less  marked  degree.  I  have  not  been  able  to  detect  any  change 
in  certain  specimens  of  good  soft  iron  wire ;  but  in  hard  iron  wire,  and 
notably  in  steel  wire,  it  is  very  apparent. 

"The  wire,  moreover,  requires  to  be  raised  to  a  very  hig^  temperature 
before  the  jerk  is  seen  on  cooling.  I  have  not  observed  the  momentary 
elongation  on  cooling  when  tiie  wire  has  only  been  heated  to  a  point  just 
beyond  that  at  which  it  would  otherwise  occur. 
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^  During  the  coding  of  the  wire  it  was  found  that  just  as  it  reached 
a  very  dull  red  heat,  a  sudden  accession  of  temperature  occurred,  so  that 
it  glowed  once  more  witii  a  bright  red  heat.  It  was  found  that  the 
reheating  of  the  wire  occurred  simultaneously  with  the  momentary  elon- 
gation. 

In  studying  these  phenomena  it  seemed,  in  the  first  place,  desirable  to 
oonstruct  apparatus  of  mudi  greater  delicacy  and  heating-power  than  that 
used  by  either  of  the  previous  observers,  so  that,  if  possible,  the  shorten- 
ing during  heating  could  be  shown  with  the  same  facility  as  the  elonga- 
tion during  cooling.  This  has  been  achieved  by  means  of  the  instrument 
a  sketch  of  which  is  given  with  the  Charts.  The  main  idea  has  been  to 
construct  an  apparatus  which  would  exhibit  the  phenomena  readily  with- 
out the  use  of  mirrors  or  batteries,  and  thnt  would  admit  of  experiments 
being  performed 'either  with  or  without  strain.  This  latter  has  been 
accomplished  by  placing  the  wire  vertically,  so  as  to  get  rid  of  all  droop- 
ing when  heated.  With  apparatus  thus  constructed,  we  found  no  diffi- 
culty in  displaying  the  phenomena  in  the  most  perfect  manner,  the 
heating-kick  not  imfirequently  being  three  or  four  centimetres  in  length, 
and  the  cooling-kick  sometimes  as  much  as  13  centimetres. 

It  is  necessary  to  state  m  limine  that  strain  plays  no  part  in  the  pro- 
duction of  ihe  phenomena  of  the  kicks  or  jerks.  Its  only  effect  is  to 
cause  a  very  small  influence  in  the  cooling  (which  might  have  been  over- 
looked with  certain  kinds  of  apparatus)  to  be  observed.  It  is  obvious 
that  when  a  wire  has  a  tendency  to  expand,  the  presence  of  weight  or 
tension,  by  assisting  to  overcome  the  inertia  of  the  apparatus,  would 
favour  the  exhibition  of  the  act ;  but  it  is  equally  clear  that  it  would  ope- 
rate in  an  opposite  manner  when  the  tendency  was  to  contract,  as  in  the 
heating ;  and  therefore,  although  it  would  &vour  the  cooling,  it  would  be 
prejudicial  to  the  heating-kick. 

Strain,  therefore,  being  unessential  to  the  phenomenon,  and,  by  the  tntro^ 
duction  of  false  quantities,  prejudicial  to  the  quantitative  comparison  of 
the  several  effects,  it  has  been  carefully  avoided  in  these  experiments^  suf- 
ficient weight  alone  being  used  to  keep  the  thread  tense  upon  the  pulleyi 
and  never  in  any  case  to  elongate  the  particular  wire  under  use,  even 
when  maintained  for  some  time  at  its  highest  temperature. 

It  is  desirable  that  these  facts  should  be  borne  in  mind ;  for  no  sooner 
do  we  enter  upon  this  research  with  more  delicate  and  reliable  apparatus, 
tiian  we  find  that  the  kicks  are  but  a  smaU  part  of  the  phenomena  we  are 
called  upon  to  observe  and  explain.  We  ascertain  at  the  very  outset  that 
iron  and  steel  wire  presents  itself  to  our  examination  under  very  different 
conditions,  which  demand  a  rigid  analysis.-  Thus, apart  from  its  inherent 
quality,  it  may  come  to  us  for  experiment : — 

(a)  In  its  usual  commercial  state. 

(b)  After  having  been  subjected  to  various  degrees  of  annealings 

(c)  In  various  degrees  of  induced  hardness. 

k2 
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It  is  proposed  to  consider,  in  the  first  place,  the  phenomena  presented 
Yrj  the  ordinary  steel  wire  of  commerce,  when  fint  subjected  to  the 
influence  of  heat.  During  the  heating  of  such  wires,  we  notice  that  a 
first  kick  occurs  at  a  point  varying  on  the  scale  from  29°  to  33°,  and  that 
the  wire  subsequently  proceeds  to  a  high  expansion,  which  may  be  repre- 
sented on  the  scale  by  the  figures  ^^^,  b2}^'',  55"^,  50^%  and  so  forth, 
according  to  the  quality  and  state  of  the  wire.  In  the  act  of  cooling  a 
kick  commences  at  points  varying  from  31 1|^  to  22°,  and  terminates  at 
paints  yaiying  from  83°  to  28°,  when  the  finger  proceeds  on  towards  sere, 
but  tnvarialhf  faUs  short  of  reaching  it  5y  amounts  varying  from  ^°  to  5||® 
(centmOres).    [  Vide  fig.  1.] 


In  the  next  experiment  with  these  wires  a  much  altered  state  of  things 
it  foand  to  obtain.  Thus  the  first  kick  is  lowered  a  little  in  position, 
increased  in  range ;  the  expansion  of  the  wire  is  materially  diminished, 
being  now  represented  by  such  figures  as  58)°,  43||°,  45}°,  50f°,  Ac.  re- 
spectiyely.  In  the  cooling  the  second  kick  is  separated  more  from  the 
first,  being  put  back  in  the  direction  of  leio.    It  will  also  be  seen  that  in 
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eooting  the  finger  passes  beyond  zero^  indicating  now  that  the  wire  is 
permanently  shortened,  whereas  in  the  primary  heating  it  was  permanently 
dangated. 

A  comparison  of  these  two  series  of  experiments  will  show  ns  that, 
during  the  heating  of  these  wires,  there  is  going  on  at  the  same  time  a 
whole  series  of  phenomena,  some  of  which,  although  different  in  nature, 
are  alike  as  to  result,  while  others  are  different  both  as  to  nature  and 
result.  We  hare,  in  the  first  place,  the  ordinary  expansion,  which  we 
will  designate  the  ''  dynamical  expansion.''  In  the  primary  heating  an 
amount  of  expansion  will  be  seen  to  occur  which  has  no  equivalent  in  the 
dynamical  contraction  of  cooling.  The  secondary  heatings  reveal  to  us 
the  existence  of  a  contraction,  which  is  also  exdted  during  the  heating^ 
and  the  action  of  which  is  to  limit  the  dynamical  expansion  previously 
referred  to.  That  it  masks  a  portion  of  the  dynamiod  expansion  is  ren- 
der^ obvious  by  the  fact  that,  in  cooling,  the  finger  moves  beyond  zero, 
showing  that  the  wire  has  contracted  more  in  cooling  than  it  expanded  in 
heating. 

In  addition  to  this,  we  have  also  the  phenomena  of  the  kicks  them- 
selves ;  and  these  may  be  described  as  consisting  of  a  temporary  ccmtrao- 
tion  and  expansion. 

Ihunng  the  heating  of  a  wire,  when  in  its  commercial  state,  there  is  one 
expansive  and  two  contractive  tendencies  exerting  their  powers  at  one  and 
the  same  time ;  and  conversely,  in  the  act  of  cooling,  there  is  one  contrao- 
tive  and  two  expansive  influences  at  work,  viz. : — ordinary  cooling  con* 
traction ;  an  expansion  which  is  the  opposite  of  the  temporary  contraction 
of  heating — tT^e  cooling-hick ;  and  an  expansion  which  is  the  opposite  in 
nature,  but  not  necessarily  in  amount,  of  the  contraction  of  heating — 
crystalline  expansion.  In  every  case  the  interpretation  of  the  general 
result  depends  upon  the  accurate  estimate  of  the  extent  to  which  these 
interacting  forces  have  modified  each  other's  effects.  Thus  during  the 
heating  we  have  a  temporary  and  a  permanent  contraction,  assisting  each 
other  to  oppose  the  dynamical  expansion.  In  cooling,  on  the  other  hand, 
we  have  two  expansions,  one  of  which  is  temporary  and  the  other  perma- 
nent, opposing  the  dynamical  contraction  of  cooling. 

It  vnll  be  desirable  to  carefully  define  the  nature  of  these  respective 
infiaenoes,  and  the  terms  which  will  be  used  to  distinguish  them  in  this 
research. 

I.  Dynamical  Expansion. — This  term  will  be  used  to  distinguish  the 
ordinary  dilatation  produced  in  bodies  generally,  by  raising  them  from  a 
given  temperature  to  .a  higher  one,  and  which  is  exactly  counterbalanced 
by  contraction  when  the  original  temperature  is  regained.  It  is  proposed 
to  call  this  kind  of  contraction  "  the  djmamical  contraction." 

XL  Contraction  of  Seating. — In  ihe  diagrams  representing  second 
heatings  [vide  fig.  2]  we  get  the  first  inkling  of  the  existence  of  a  con* 
tractive  or  shortening  influence  excited  by  heat  simultaneously  with  the 
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expansion.  In  the  diagrams  of  annealed  and  hardened  wire  [vide  figs. 
3, 4, 5]  this  influence  becomes  more  obvious  still.  In  these  cases  it  is 
seen  to  greatly  mash  the  dynamical  expansion.  This  kind  of  contraction 
may  be  also  displayed  by  protracted  heating  of  the  wire,  when  it  exhibits 
itself  at  the  end  of  the  expansion  as  a  slow,  continuous  contraction  of 
considerable  extent  [vide  fig.  5]. 

m.  Temporary  Contraction. — ^This  term  is  applied  to  the  cooling 
influence  which  is  excited  in  the  wire  during  heating,  and  which,  at  a 
certain  point,  balances  the  expansion ;  for  heat  being  rendered  latent  at 
the  same  rate  as  it  is  being  absorbed,  produces  a  stop  (which  indicates 
that  the  expansion  is  arrested  and  balanced)  or  a  kick  (which  implies  an 
absolute  cooling  of  the  wire  from  excess  of  latency).  The  diminution  of 
the  rate  of  expansion,  or  the  actual  shortening  produced  by  this  kind  of 
contraction,  is  of  a  temporary  character,  and  must  not  be  confounded  with 
the  heat-contraction  which  it  accompanies. 

These,  then,  are  the  phenomena  of  heating : — 

(1)  Dynamical  expansion; 

(2)  Permanent  or  beat  contraction ; 

(3)  Temporary  contraction  (heating-kicks) ; 

(4)  Stretching;  and 

(5)  The  influence  of  oxide. 

We  have  now  to  consider  what  influences  are  present  during  the 
cooling: — 

L  Dynamical  Contraction, — The  opposite  of  dynamical  expansion. 
II.  Permane7tt  Expansion  of  cooling. — (Crystalline  expansion.) 
III.  Temporary  Expansion. — The  thermal  expansion  due  to  the  reg^ow- 
ing  of  the  wire  during  cooling.    This  is  the  proximate  cause  of  the  stops 
and  kicks  which  occur  in  cooling.     It  is  eyanescent  as  an  opposing  force, 
and  must  not  be  confounded  with  the  permanent  or  crystalline  expansion 
of  cooling,  of  which  it  is  simply  the  effect, 
We  hf^ve,  then,  in  cooling  i— r 

(1)  Dynamical  contraction ; 

(2)  Permanent  expansion  of  cooling  j 

(3)  Temporary  expansion  (cooling-kicks);  and  to  these  may  be 

added 

(4)  Influence  of  oxide. 

An  exhaustive  study  of  these  various  conditions  has  led  to  the  elndda* 
tion  of  the  nature  of  hardening,  softening,  tempering,  annealing,  Sm. 
of  iron  and  steel,  and  has  further  shown  that  numerical  values  may  be 
assigned  to  these  states. 

In  brief,  the  research  establishes : — 

1.  The  existence  in  steel,  and  in  iron  containing /?*««  carbon,  of  a  con- 
traction or  shortening  which  is  excited  by  heat,  and  which  proceeds  simul- 
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taneously  with  the  dynamical  expansion  and  masks  its  true  amount.    This 
is  dirisible  into  high  and  hta  temperature  contraction.    [Compare  figs. 

2.  The  presence  of  a  cooling  expansion  or  crystallization,  which 
comes  in  during  the  dynamical  contraction  and  masks  its  true  amount. 

3.  These  e£Eects,  due  to  crystallization  and  decrystallization,  are  the 
causes  of  the  so-called  kicks,  or  temporary  contractions  and  expansions, 
which  occur  during  the  heating  and  cooling  of  the  steel. 

4.  That  the  low-temperature  contraction  and  cooling  expansion  are  due 
to  decrystallization  and  crystallization  which  occur  during  the  acts  of 
heating  and  cooling,  while  the  kicks  themselves  are  simply  the  thermal 
effects  associated  with  these  changes,  and  are  proportionate  to  their 
extent. 

5.  That  protracted  annealing  (that  is,  extremely  slow  cooling)  brings 
about  molecular  separation  of  the  carbon  and  iron ;  and  steel  in,  such  a 
state  contracts  greatly  when  high  temperatures  are  reached,  producing 
the  etnUraction  retwme  seen  at  the  end  of  the  heating,  and  which  are  due 
to  the  condensation  produced  by  the  recombination  of  the  carbon  and 
iron.  Steels  in  this  state  are  less  susceptible  to  cooling-expansion 
(crystallization),  and  therefore  to  low-temperature  contraction  on  sub- 
sequent heating.     [  Vide  fig.  5.] 

EXPLANATION  OF  THB  WOODCUT. 

Fig.  1.  Commdraal  steel  wire.    First  heating. 

Fig.  2.  Do.        do.  Second  heating. 

Fig.  d.  Air-hardened  wire. 

Fig.  4.  Water-hardened  wire. 

F^.  5.  Annealw!  steel  wire.    High-temperatore  contraction.    Contraction  returns. 

N3. — In  eadi  figure  the  upper  ourre  refers  to  the  heating-,  the  lower  to  the 
coohng-effeot. 


II.  ''  On  the  Bapidity  of  Growth  and  Variability  of  some  Mad&e- 
poRABiA  on  an  Atlantic  Cable^  with  remarks  upon  the  rate  of 
accumulation  of  Foraminiferal  Deposits.^'  By  Prof.  P.  Mabtin 
Duncan,  F.R.S.,  Pres.  Gteol.  Soc.    Received  March  15,  1877, 

A  telegraph-cable  was  laid  off  the  north-west  of  Spain  in  1870,  and  a 
portaon  of  it  was  recovered  in  1876,  in  long.  9''  4'  W.  and  lat.  44''  6'  N. 
The  depth  from  which  the  recovered  portion  came  was  from  b22  to  550 
£iUioms ;  the  ground  was  conglomeratic,  and  there  was  a  deposit  there 
of  sticky  foraminiferal  mud.  Much  coral  growth  had  occurred  on  the 
cable,  and  when  it  was  fished  up  some  living  and  dead  forms,  together  with 
Echini^  Pectens,  and  mud,  came  up  from  off  the  surrounding  sea-floor. 

The  growth  on  the  cable  consisted  of  numerous  individuals  of  Detnuh 
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phyllum  Crigia^Oalli  of  different  sizes  and  of  many  bush-shaped  coralla 
oi' LophoMia  proUfera,  var.  gracilis;  there  were  also  small  masses  of 
SoUnosmilia  variabilis  (nobis),  a  new  Amphihdia^  and  a  specimen  of 
Caryophyllia  cylindracea  (Eeuss),  which  were  not  attached,  but  which 
must  have  been  fixed  close  by  to  stones. 

As  the  date  of  the  sinking  of  the  cable  was  known,  and  as  six  years  had 
elapsed,  it  was  possible  to  estimate  the  rapidity  of  the  growth  of  the  coral 
on  it,  and  also  to  come  to  some  more  or  less  satisfactory  conclusions  re- 
garding the  rate  of  the  deposit  of  the  foraminiferal  ooze  in  that  situation. 
Moreover  a  glance  at  the  numerous  specimens  showed  that  they  presented 
variations  and  abnormahties  of  structure  well  worthy  of  examination,  and 
which  might  relate  to  the  inadvisability  of  retaining  some  of  the  specific 
and  generic  determinations  in  the  ancient  and  recent  coral  faunas. 

The  height  of  the  tallest*  Desmophyllum  taken  from  the  top  of  the 
cable,  to  which  its  base  is  strongly  adherent,  is  If  inch.  It  is  a  fine  and 
well-grown  individual,  being  1^  inch  in  its  calicular  length,  and  its  hard 
part  weighs  ^  oz.  There  are  no  indications  of  ooze  having  covered  the 
base,  and  the  granulation  of  the  basal  surface  is  perfect  and  free  from 
any  evidence  of  erosion. 

The  smallest  specimen  found  on  the  cable  has  its  calicular  edge  rather 
on  one  side  and  oblique,  and  it  is  -^  of  an  inch  above  the  attached  base. 
It  shows  no  trace  of  ooze ;  the  other  specimens,  intermediate  in  size, 
usually  present  an  excessively  broad  base  below  the  peduncle,  and  in  some 
it  extends  for  nearly  ||  inch  on  all  sides.  It  consists  of  a  layer  of  car- 
bonate of  lime,  granular  above  and  attached  below  to  the  outer  coating  of 
the  cable. 

Stunted  bush-shaped  masses  of  LopTiohdia  adhered  by  broad  bases  to 
the  cable,  and  extended  along  it  for  many  inches.  The  corallites  com- 
posing the  masses  were  crowded  together  to  the  height  of  an  inch  from 
the  cable,  and  a  few  reached  upwards  about  j  of  an  inch  above  the 
rest.  Some  had  grown  up  obliquely,  and  others  had  their  calices  turned 
downwards,  so  that  their  margins  were  not  -^^  of  an  inch  from  the  cable. 
They  must  have  always  been  above  the  ooze. 

Gemmation  appears  to  have  occurred  four  times  in  the  tallest  corallites, 
commencing  on  the  parent  when  it  attained  a  certain  size ;  probably  the 
parent  growth  occupied  one  year;  and  there  were  four  consecutive  yearly 
buddings. 

From  these  details  it  may  be  gleaned  that  the  upward  and  general  rate  of 
coral  growth  at  550  fathoms  is  rapid  in  relation  to  that  noticed  in  Europe 
in  the  same  family  in  shallower  water.  In  height  the  growth  amounts  to 
a  minimum  of  0*29  inch  in  the  year,  and  in  mass  it  is  very  considerable. 

The  amount  of  sedimentary  deposit,  consisting  of  the  tests  of  Forami- 
nifera,  sponge-spicules,  and  minute  particles  of  siliceous  minerals,  has  been 

^  The  LwmophfUa  and  LophohduB  are  essentially  oceanic  deep-«ea  corala ;  they  have 
none  of  the  exotheoa  whioh  distingniihee  the  rapidly  growing  littoral  reef-building  forma 
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inappreciable  on  the  cable  during  six  years.  A  few  Foraminifera  in 
creTioes  in  the  bases  of  a  few  specimens  are  the  only  signs  of  its  presence. 
Bat  that  there  was  plenty  of  sticky  ooze  close  by  is  eyident ;  for  some 
was  brought  up  by  the  apparatus,  and  it  had  got  into  parts  of  the  calices 
of  some  of  the  living  corals.  MoreoTer  a  mass  of  conglomerate  which 
was  brought  up,  and  which  consisted  of  water-worn  gneiss  boulders  ce- 
mented together,  had  some  of  the  mud  entangled  in  it ;  and  most  of  the 
calices  of  the  dead  corals  which  were  brought  up  at  the  same  time,  but 
which  were  not  attached  to  the  cable,  contained  a  small  quantity  of  fo- 
raminiferal  and  siliceous  matter. 

It  is  possible  that  the  motion  of  the  tentacles  and  of  the  dlia  of  the 
corab  prevented  the  accumulation  of  sediment  in  their  neighbourhood ; 
but  the  tall  peduncles  of  some  of  the  Desmophylia  would  place  their 
calices  far  out  of  the  way  of  matter  collecting  on  the  base.  Moreover 
the  part  of  the  cable  on  which  the  coral  grew  may  have  been  laid  on 
masses  of  stone  above  the  level  of  the  deposit.  But  the  facts  that  the 
calices  of  the  living  Amphthelia  brought  up,  and  which  was  not  growing 
on  the  cable,  contained  no  deposit,  and  that  the  dead  Solenoamilia  and  a 
short  Cary<yphyUiay  neighbours  to  the  form  just  noticed,  had  very  small 
amounts  in  their  calices,  which  had  long  been  dead,  and  had  been  worn 
by  AMya  penetrans  and  some  Spongida,  are  of  themselves  sufficient  to 
disprove  a  rapid  rate  of  accumulation.  The  presence  of  some  most  fra- 
gile outgrowths  from  the  Lophohelian  corals  which  supported  and  partly 
enclosed  the  stems  of  some  Hydroida  contraindicate  the  existence  ai 
a  current  sufficient  to  move  sticky  ooze. 

It  may  be  considered,  then,  that  the  deposit  of  minute  sedimentary 
matter  and  of  pelagic  Eoraminifera  is  excessively  slow  in  its  rate  of  accu- 
mulation at  550  fathoms  on  this  part  of  the  Atlantic  floor,  and  that  it  is 
very  much  slower  than  the  contemporaneous  coral  growth. 

An  examination  of  some  of  the  deep-sea  corals  of  the  true  Olobi- 
geritui'Ooz/e  area  will  afford  a  corresponding  observation ;  and  we  may 
assume  that  in  the  White  and  Bed  Chalks  of  England  the  Madreporaria 
grew  vastly  more  quickly  than  the  deposit  accumulated  which  subsequently 
environed  and  overwhelmed  them.  One  of  Lonsdale's  discoveries  was 
that  of  an  Amphihelian-lookmg  mass  from  the  Chalk  of  G-ravesend*;  its 
bulk  was  considerable,  and  yet  many  of  the  calices  were  close  to  the  base, 
and  they  were  those  of  young  buds.  Again,  in  the  Bed  Chalk  the  corals 
are  often  widely  open  and  short  and  were  probably  very  slow  growers. 
All  these  considerations  tend  to  the  impression  that  the  chalk  of  old, 
whatever  may  have  been  its  original  nature,  accumulated  extremely  slowly. 

The  variability  of  the  specimens  of  Desmophyllum  CrittorQaUi  which 
were  found  on  the  cable  is  very  great ;  and  in  some  instances  it  is  suffi- 
cient to  permit  of  a  specific  distinction  being  made  according  to  the  strict 
classificatory  rules.    Doubtless  had  tiie  specimens  been  separated,  and 

*  Soppl.  to  Brit.  FoM.  Oorftlt,  Chretaeeouf,  PftUeont.  Soo.    By  P.  M.  Panoan. 
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had  they  been  assumed  to  have  come  from  different  localities,  new  species 
would  have  been  made  of  them. 

Several  specimens  are  very  costulate,  and  there  are  crests  to  all  the 
larger  costaD;  in  some  there  are  wart-like  growths  in  those  situations,  and 
in  these  forms  the  calice  is  sometimes  widely  open,  or  very  compressed, 
or  normally  slightly  so  at  its  orifice. 

In  at  least  one  fourth  of  the  specimens  the  shape  of  the  corallum,  in- 
stead of  being  subturbinate  and  compressed  above  the  round  pedicel,  is 
tall  and  cylindrical ;  and  there  are  no  costal  ridges  of  any  importance. 
Moreover  the  size  of  the  calicos  and  septa  varies  in  this  series. 

Some  specimens,  otherwise  normal,  have  very  broad  basal  expansions 
out  of  all  proportion  with  the  height.  But  the  most  interesting  variation 
is  noticed  in  those  specimens  which  have  widely  open  calices  and  exsert 
septa ;  for,  added  to  these  specific  structures,  are  costal  crests,  ridges,  pro- 
cesses, and  root-like  projections  coming  from  the  body,  peduncle,  and  base. 
These  projections  are  either  free  at  their  end  or  are  attached  to  some  sup- 
port ;  sometimes  the  growths  are  in  relation  to  the  costal  line,  and  in  otliers 
they  cannot  be  maintained  to  be  so,  and  they  are  either  smooth,  granular,  or 
like  shagreen.  There  is  no  epitheca  on  the  coral,  and  the  root-like  projec- 
tions are  therefore  growths  of  the  ectoderm.  Some  act  as  supports ;  but 
most  have  been  produced  by  the  irritation  of  an  Annelid,  which,  after  boring 
out  of  the  cable  came  in  contact  with  the  cora^  which  endeavoured  more 
or  less  successfully  to  cover  it  up. 

Those  processes  which  are  beyond  the  reach  of  Annelids  and  which  act 
as  supports  singularly  resemble  those  root-like  growths  which  are  of 
generic  or  specific  importance  in  many  groups  of  Madreporaria. 

FlabeHum,  BhizotrochuBy  BhizaphyUum,  Omphyma^  &c.  are  genera  which 
possess  such  root-forming  species.  But  the  root-like  processes  oiFlabeUwn 
have  a  higher  physiological  interest  than  those  of  DesnwphyUum ;  for  some 
finally  separate  the  base  of  the  coral  from  its  attachment  by  their  down- 
ward growth-pressure;  nevertheless  the  development  of  root-processes  by 
the  cable  covering  DesmophyUa  is  suggestive  and  important,  although  some 
are  morbid  growths. 

The  cylindroid  spedinens  would  most  probably  be  considered  speci- 
fically distinct  from  the  others  were  they  found  away  from  them  or  in 
strata.  They  are  very  suggestive ;  for  in  paleontology  the  shape  of  the 
corallum,  the  contour  of  the  calice,  and  the  relative  size  of  the  septa  are 
often  considered  to  establish  species ;  and  such  genera  as  Troehocyaihus^  2W- 
chosmilia,  and  MonUivaUia  amongst  Mesozoic  corals,  and  CyathcphyUia 
and  ZaphrerUis  amongst  the  Bugosa,  teem  with  specific  names  which  are 
not  established  on  better  grounds  than  that  of  the  cylindroid  Detmo- 
phyllum. 

The  LophohelioB  on  the  cable  present  great  bud  variation;  and  the 
young  and  old  corallites  are  of  many  different  shapes,  from  the  turbinate 
to  the  tubular.    But  the  most  important  structural  peculiarities  are  of  two 
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kinds : — ^first,  the  annelid  growth  has  determined  outgrowth  of  the  coral 
which  has  covered  in  the  worm-tube ;  and  second,  the  establishment  of 
some  Hjdrosoa  on  the  ectoderm  of  the  coral  has  sometimes  produced  the 
formation  of  tubes  of  coral-structure  which  environ  the  stalk  of  the 
offender  and  form  a  useful  support  to  it. 

Unallj  it  may  be  remarked  that  all  the  Madreporaria  which  were 
brought  up  with  the  cable  from  off  this  area  have  an  unusual  orna- 
mentation. 

I  have  to  thank  Sir  James  Anderson  for  the  specimens  and  for  the 
details  of  the  recovery  of  the  cable. 


in.  "  On  Attraction  and  Repulsion  of  Bubbles  by  Heat.''  By 
Waltbb  Nobl  Hartley,  P.R.S.E.,  F.C.S.,  King's  College, 
London. '  Communicated  by  Professor  Stokbs,  Sec.  B.S. 
Received  February  26, 1877. 

In  my  first  paper  "  On  the  presence  of  Liquid  Carbon  Dioxide  in  Mine- 
ral Cavities"  (*  Journal  of  the  Chemical  Society,'  February  1876),  I 
mentioned  having  noticed  a  remarkable  repulsion  of  the  bubbles  in  fluid-^ 
cavities  when  they  were  approached  by  a  heated  body.  I  at  first  regarded 
these  movements  as  similar  to  those  observed  by  Mr.  Sang  and  Dr. 
Hunter  (Proceedings  of  the  Royal  Society  of  Edinburgh,  187^73,  p.  126) 
in  cavities  of  Iceland  spar ;  but  with  reference  to  the  position  of  the 
source  of  heat,  I  have  since  found  that  they  occurred  in  quite  the  reverse 
direction.  The  motion  noticed  by  Mr.  Sang  was  a  repulsion  of  the 
liquid ;  that  which  I  recorded  was  a  repulsion  of  the  gas  by  the  heated 
body. 

Here  I  may  as  well  say  that  this  refers  to  the  real  and  not  the  appa- 
rent direction  of  the  motion  as  seen  under  the  microscope. 

Professors  Tait  and  Swan  have  shown  (Proc.  Roy.  Soc.  of  Edinburgh, 
1873-74,  p.  247)  that  the  attraction  of  the  bubble  by  a  heated  body  is  a 
natural  effect  if  the  liquid  be  of  great  volatility,  in  contact  only  with  its 
own  vapour,  as  would  be  the  case  if  the  cavity  were  fiUed  with  carbonic 
add.  Distillation  of  the  liquid  would  take  place  when  one  side  of  the 
bubble  was  heated  ever  so  slightly  above  the  temperature  of  the  other, 
and  condensation  would  occur  on  the  cooler  side.  This  would  occasion  a 
movement  of  the  bubble  from  the  cold  to  the  warm  side  of  the  cavity ; 
but  it  is  not  the  original  bubble  being  simply  propelled.  Professor  Tait 
assumes  that  the  liquid  in  Mr.  Sang's  specimens  is  carbonic  add,  and 
applies  this  explanation.  This  might  well  be  the  case,  because  the 
attracting  pieces  of  metal  used  were  but  a  very  few  degrees  warmer  than 
the  specimens  acted  on ;  but  from  other  circumstances,  some  of  which  I 
propose  giving  in  detail,  I  am  of  opinion  that  these  were  water-bubbles* 

The  attraction  of  a  gas-bubble  in  a  cavity  containing  liquid  carbonic 
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add  will  always  take  place  when  the  proportion  of  liquid  to  gas  u  bo 
small  that  eyaporation  is  readily  effected.  If  the  liquid  at  15^  C.  oocu* 
pies  one  half  of  the  space  of  the  cavity,  this  will  occur  only  under  special 
conditions,  because  the  liquid  in  such  proportions  expands  by  increase  of 
temperature.  Thus  in  the  case  of  a  cavity  in  a  topaz,  shown  in  fig.  1, 
a  number  of  experiments  have  invariably  failed  to  cause  any  transference 
of  the  bubble  from  place  to  place.  The  approach  of  a  warm  substance 
causes  immediate  expansion  of  the  liquid  and  decrease  in  size  of  the  bubble. 
The  gas-bubble  in  a  cavity  of  rock-crystal,  shown  in  fig.  2,  behaves 
quite  differently ;  the  proportion  of  liquid  to  gas  is  such  that  heat  causes 
evaporation  instead  of  expansion ;  and  accordingly  the  liquid  is  repelled 
apparently,  and  the  gas-bubble  attracted  by  a  heated  body.  With  the 
cavity  in  tourmaline  (fig.  3),  when  the  heat  is  applied  in  a  particular 
manner,  the  same  movement  takes  place  ;  ordinarily  the  liquid  ex- 
pands. To  cause  distillation  and  not  expansion,  the  source  of  heat  must 
be  small  and  the  rise  of  temperature  slight,  in  order  that  only  one  end 
of  the  cavity  may  be  heated.  I  have  always  failed  to  get  this  effect  with 
the  topaz  cavity,  probably  because  the  thickness  of  the  section  causes 
the  heat  to  be  diffused  over  the  liquid.  The  tourmaline  section  is  thin 
and  the  cavity  long  and  narrow,  and  is  therefore  an  easy  cme  to  experi- 
ment with ;  so  likewise  is  the  cavity  shown  in  fig.  5,  E ;  it  contains  car- 
bonic acid  only,  and  the  bubble  is  easily  attracted  when  the  source  of 
heat  is  properly  applied.  In  the  course  of  some  thousands  of  observa- 
tions, made  within  the  last  two  years,  I  have  noticed  other  movements 
than  such  as  may  be  compared  with  the  experiments  of  Professors  Tait 
and  Swan  on  tubes  of  liquid  sulphurous  acid.  The  circumstances  in- 
fluencing these  movements,  and  the  various  conditions  under  which  they 
take  place,  render  it  necessary  that  I  should  disregard  the  order  in  whidh 
I  observed  and  originally  recorded  them  ;  for  I  have  on  more  than  one 
occasion  been  bewildered  by  noticing  what  appeared  to  be  diametrically 
opposite  facts  in  experimenting  on  the  same  specimen,  and  even  on  the 
contents  of  the  same  cavity.  I  therefore  consider  it  expedient  to 
dossify  my  experiments,  in  order  to  make  the  account  of  ^em  intel- 
ligible. 

The  attraction  of  huhhles  by  heat^  water  being  the  only  liquid  present. 

With  regard  to  the  attraction  of  bubbles  by  heat,  I  have  noticed  this 
take  place  in  some  wateix^vities  when  the  bubbles  were  free  to  move 
and  no  carbonic  acid  was  present.  In  order  that  no  mistake  might 
possibly  occur  as  to  the  relative  positions  of  the  source  of  heat  and 
the  moving  bubble,  a  hot  platinum  wire  was  used  and  always 
brought  into  the  field  of  the  microscope.  Some  thousands  of  cavities 
have  been  noticed  occurring  in  sections  of  rock-crystal  and  in  the 
quartz  of  various  kinds  of  granite.  The  rise  in  temperature  required 
to  cause  this  movement  was  measured  at  first  by  blowing  warm  air 
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with  a  baU-sjrmge  cm  to  the  object,  and  then  directing  it  on  to  the  bulb 
of  a  delicate  thermometer.  With  the  most  sensitiye  bubbles  three  or  four 
degrees  Centigrade  were  found  to  be  amply  sufficient. 


6.  ^- 

Hie  letten  in  italics  (a,  b,  e)  within  the  drawing!  of  flaid-eantiee  indicate  the  poii- 

tfone  of  the  gaeeons  earbonie  add,  liquid  carbonic  add,  and  water  reepeetiTelj. 

Kg.  1.  OaTitj  in  a  topaf.     x  80  diameters. 

Sif .  2.  Cavitj  in  rock-crystal.     X  46  diameters. 

Fig.  dL  OaTity  in  tourmaline. 

Fig.  4.  Ctmty  in  rodc-crystal,  containing  a  bubble  repelled  bj  heat    X  250  diameters. 

Fig.  6.  Six  caYities  in  rock-crystal  adjacent  to  each  other.  The  bubbles  in  A  and  A' 
ajre  repdled  by  heat ;  in  B.  0,  and  D  they  are  attracted.  These  cavities  con- 
tain water.    E  contains  liquid  carbonic  add  only.     X  250  diameters. 

Fig.  6u  Two  caTities  in  rock-crystal.  The  bubbles  contain  liquid  carbonic  add  floating 
on  water.  These  bubbles  are  repelled  or  attracted  by  a  source  of  heat 
aoeording  to  the  temperature  of  the  specimen. 

F%.  7.  A  and  B  are  cavities  in  feUtone,  containing  liquid  carbonic  add  and  a  vibrating 
bubble.  C,  D,  and  E  are  diagrams  representing  the  motion  of  the  bubbles 
under  difibrent  conditions  of  temperature. 

The  following  experiments   show  the  conditions  under  which  such 
ittnetion  takes  pUuse.     In  a  specimen  of  rook-crystal  from  which  seyeral 
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sectioiis  were  cut,  there  was  a  multitude  of  cayities,  many  of  considerable 
size.  They  all  contained  one  liquid,  water,  and  what  appeared  to  be  a 
gas-bubble,  which  was  attracted  by  heat.  A  slice  of  the  crystal  was 
mounted  between  pieces  of  stout  sheet  platinum,  and  so  placed  on  the 
stage  of  the  microscope  that  it  could  be  easily  taken  o£E  and  replaced  at 
once  in  exactly  the  same  position,  so  that  the  cavity  under  observation 
would  be  within  the  focus  of  the  object-glass.  By  immersing  the  specimen 
in  hot  mercury,  and  instantly  after  removal  examining  it  with  the  micro- 
scope, I  ascertained  that  at  150°  C.  the  liquid  had  just  expanded  so  as  to 
entirely  fill  the  space.  It  is  evident,  then,  that  little  or  no  gas  is  present. 
It  was  next  necessary  to  ascertain  the  lowest  temperature  of  a  body 
by  which  the  bubble  could  be  attracted.  This  was  accomplished  in  a  most 
satisfactory  manner  by  selecting  a  cavity  which  was  plainly  visible  with 
a  2-inch  objective.  A  long  test-tube,  having  a  diameter  of  |  of  an  inch, 
was  filled  with  water,  immersed  in  which  was  a  fine  thermometer.  The 
tube  was  heated,  and  experiments  were  repeatedly  made  while  it  was 
cooling  to  find  out  when  it  ceased  to  attract  the  bubble. 

A  number  of  trials  showed  that  at  76°  C.  attraction  was  powerful,  at 
71°  C.  it  was  somewhat  feeble^  but  below  this  temperature  there  was  no 
action  sufficient  to  overcome  gravitation.  Further  experiments  were 
made  in  a  straight  tube-like  cavity,  which  from  its  size  and  its  regularity 
of  shape  was  exceptionally  good  for  the  purpose.  It  measured  ^  x  j^^q  of 
an  inch,  and  the  bubble  was  ^^^  of  an  inch  in  diameter.  It  moved  about 
on  change  of  position  as  freely  as  the  bubble  in  a  spirit-level.  Proceed- 
ing as  before,  the  temperature  of  the  crystal  being  16°  C.  and  that  of 
the  tube  2V  C,  the  bubble  could  be  attracted  in  a  horizontal  direction 
only ;  but  when  the  tube  was  warmed  to  60°  C.  its  power  of  attraction 
was  sufficient  to  overcome  the  buoyancy  of  the  bubble,  and  draw  it  down- 
wards to  the  extremity  of  the  cavity. 

A  piece  of  rock-crystal  was  examined  which  contained  both  water  and 
carbonic-acid  cavities  in  juxtaposition.  These  water^bubbles  were  very 
easily  attracted,  as  will  be  seen  by  the  following  experiments.  A  cavity  was 
chosen  with  a  bubble  moving  as  easily  as  the  bubble  in  a  spirit-level ;  its 
size  was  -^  x  jij^  of  an  inch,  and  the  diameter  of  the  bubble  j^n  of 
an  inch. 

While  the  section  of  the  crystal  was  maintained  at  16°  C.  a  platinum 
wire  was  heated  in  mercury  and  applied  to  the  cavity,  showing  the  fol- 
lowing effects : — 
Temperature  of  wire.  Effect  produced. 

2^     Feeble  attraction. 

27     The  same. 

29     Strong  attraction. 

31     Very  strong  attraction. 

65     Just  sufficiently  strong  to  overcome  gravitation. 

71     ^     Attracted  strongly  in  opposition  to  gravitation.. 
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These  nnmben  were  confirmed  by  asing  the  tube  of  water  as  a  source 
of  heat. 

I  have  ascertained  by  experiment  that  at  very  slight  elevation  beyond 
^be  ordinary  temperature  a  plug  of  water  is  apparently  repelled  from  the 
surface  of  a  glass  tube.    Mr.  Sang  has  made  similar  observations. 

A  capillary  tube,  open  at  both  ends,  had  a  short  column  or  plug  of 
water  within  it,  free  to  move  in  either  direction.  A  warm  body  applied 
to  the  liquid  repelled  it  with  great  force,  even  in  opposition  to  gravita- 
tion. The  warmth  of  the  fingers  (in  other  words,  a  rise  of  2V  C.)  is  quite 
sufficient  to  drive  the  liquid  up  a  tube  held  in  a  vertical  position.  By 
sealing  water  in  capillary  tubes  bubbles  are  formed  which  contain  very 
little,  if  any  air ;  these  are  likewise  attracted  by  heat.  When  experi- 
menting on  the  bubbles  in  natural  cavities  it  was  found  that  an  increase 
d  44^  to  49°  C.  was  required  to  produce  the  same  effect ;  but  the  fact 
must  be  taken  into  account  that  the  heat  was  more  difficult  of  application 
to  the  rock-section  than  to  the  capillary  tube. 

When  the  tube  approaches  ^  of  an  inch  internal  diameter,  the  glass 
may  be  heated  to  redness  at  a  point  in  close  proximity  to  the  water 
without  causing  motion ;  the  water  is,  however,  instantly  converted  into 
steam  without  previous  warming,  which  causes  a  sort  of  slight  explo^ 
sion. 

If  this  experiment  be  made  in  smaller  tubes  of  ^^  inch  internal 
diameter  the  repulsion  is  easily  caused,  and  may  be  seen ;  but  a  very  high 
temperature  causes  the  repelled  liquid  to  be  evaporated  and  scattered  in 
drops  at  a  further  distance  along  the  tube. 

The  liquid  is  not  repelled  in  a  body  as  a  liquid,  but  gradually  as  a 
vapour.  If  it  had  only  the  space  of  a  bubble  to  condense  itself  in,  the 
bubble  would  be  attracted  in  the  same  way  as  carbonic-acid  bubbles. 

The  attraction  of  bubbles  in  cavities  which  contain  water  may  be  due 
to  two  causes : — 1.  At  low  temperatures,  as,  for  instance,  at  2V  C,  to  a 
Tepulsion  of  the  liquid  from  the  glass ;  2.  At  high  temperatures,  such  as 
60°  and  70^  C,  to  evaporation  and  condensation  on  opposite  sides  of  the 
bubble. 

The  movements  of  bubbles  in  Iceland  spar  noticed  by  Mr.  Sang 
may  thus  be  explained,  for  in  that  substance  water-cavities  are  of  con- 
stant occurrence.  There  is  no  necessity  to  assume  what  seems,  from  my 
obeervations  on  some  hundreds  of  specimens  of  Iceland  spar,  to  be  highly 
improbable,  namely,  that  the  liquid  is  carbonic  acid.  The  mineral  is  so 
soft  and  so  easily  split  along  its  planes  of  cleavage,  that  I  doubt  whether 
microscope  sections  could  contain  a  liquid  of  such  high  vapour-tension. 

The  following  rocks  contained  bubbles  in  water-cavities  which  were 
.  tracted  by  heat: — Granite  from  the  Moume  Mountains;  Aberdeen 
granite ;  quartz  from  Snowdon ;  quartz-porphyry  from  Pwlheli,  Jf orth 
Wales ;  granite  from  Ludgvan  and  St.  Leven,  Cornwall.  Many  other 
specimens  contained  immovable  bubbles. 
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The  repulsion  of  hulbles  by  heat,  water  being  the  only  liquid  present. 
With  regard  to  this  second  point,  the  repulsion  of  bubbles  by  heat. 
It  occurs  quite  as  frequently,  if,  indeed,  not  more  so,  in  the  specimens 
which  I  have  examined,  than  attraction,  and  it  is  seen  to  occur  in  cavities 
containing  water  and  liquid  carbonic  acid.     (See  fig.  4.) 

I  have  noticed  some  cavities  of  a  remarkable  nature,  inasmuch  as  they 
were  apparent  under  similar  conditions  to  those  which  I  have  already 
described,  though  they  behaved  in  an  exactly  opposite  manner.  They 
were  water-cavities  which  adjoined  others  containing  both  liquid  car- 
bonic add  and  water.  A  blast  of  warm  air,  insufficient  to  vaporize 
the  carbonic  add,  is  suffident  to  propel  the  gas-bubble  to  the  other  end  of 
the  cavity.  I  next  ascertained  that  five  puffs  of  warm  air  only  just  warmed 
the  carbonic  add  to  the  critical  point,  that  is  to  say,  from  16^  to  31^  C.  I 
then  took  a  thin  bar  of  copper,  and  warmed  it  two  degrees  above  the  tem- 
perature of  the  room ;  this  repelled  the  bubble  easily ;  and  other  triala 
showed  that  a  rise  of  temperature  of  less  than  ^^  C.  was  quite  suffident. 
It  was  curious  to  see  that  when  the  gas-bubble  touched  the  walls  of  the 
cavity  at  only  one  point  it  moved  with  extraordinary  ease  and  slowly, 
but  otherwise  it  was  more  difficult  to  stir,  and  it  went  with  raUier  a 
■udden  jerk.    This  subject  will  be  treated  more  fully  later  on. 

The  largest  specimen  of  a  bubble  readily  movable  by  heat  was  in  a 
water-cavity  in  a  green  crystal  of  fluor-spar  kindly  lent  me  by  Mr.  James 
Bryson,  of  Edinburgh.  The  cavity  measured  -j^  x  ^  of  an  indi,  the 
bubble  being  -^  of  an  inch  in  diameter.  To  my  surprise,  I  found  it  to 
be  easily  repelled  by  a  jet  of  warm  air. 

The  iinJcing  of  gas-buhbles  by  rise  of  temperature  in  cavities  containing 
water  as  the  only  liquid. 

In  a  paper  which  I  have  lately  communicated  to  the  Chemical  Sodety^ 
I  have  given  details  of  experiments  on  certain  bubbles  in  water-cavitiea, 
which  prove  that  by  rise  of  temperature  the  bubbles  become  denser  than 
the  water  and  sink  (Journal  of  the  (Them.  Soc  vol.  i.  1877,  p.  245). 

When  exposed  to  a  uniformly  diffused  rise  of  temperature  on  the  micro- 
•copeHstage  the  very  slow  sinking  motion  of  the  bubUe  was  remarkable ;  as 
the  specimen  cooled  it  returned  in  the  same  manner.  In  some  cases  a  tem- 
perature of  40°  C.  was  apparently  suffident ;  but  several  experiments  on 
an  exceedingly  good  cavity,  which  measures  -^^  x  j^  of  an  inch,  and 
the  bubble  in  which  is  ^^^  of  an  inch  in  diameter,  fixed  the  temperature 
for  this  spedmen  at  150°  C.  The  cause  of  this  sinking  appears  to 
be  that  the  bubble  consists  of  a  gas  so  highly  compressed  that  it  is 
nearly  of  the  same  density  as  water.  On  heating  the  water  expands, 
and  tiie  gas  is  contracted  until  the  relative  densities  of  the  two  sub- 
stances are  reversed.  Professor  Andrews  has  shown  that  a  mixture 
of  3  vols,  of  carbonic  add  with  4  vols,  of  nitrogen  at  7^*6  C.  con- 
tracts ^rfr  ^^  ^^  original  bulk  by  a  pressure  of  284  atmospheres.    Thia 
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must  be  a  gas  i^ith  a  density  of  *745  compared  with  liquid  water  at 
unity ;  hence,  in  all  probability,  at  a  tension  of  400  atmospheres  this 
gaseous  mixture  would  be  denser  than  water.  I  have  elsewhere  pointed 
out  that  carbonie-add  gas  which  was  reduced  to  ^  of  its  volume  by  a 
pressure  of  223  atmospheres,  at  63°  C.  must  have  been  as  dense,  if  not 
denser,  than  water  (Journal  of  the  Chem.  Soc.  vol.  ii.  1876,  p.  250). 

Some  of  those  gas-bubbles  which  I  have  already  mentioned  as  being 
readily  attracted  by  heat,  I  found  were  made  to  sink  by  warming  to  about 
150°  C.  It  is  always  necessary  to  rotate  or  at  least  reverse  the  objects 
when  under  examination ;  and  this  precaution  was  always  strictly  regarded 
to  obviate  errors  of  observations.  The  importance  of  this  is  shown  by 
the  following  experiment.  A  bubble  in  a  specimen  of  rock-crystal  was 
seen  to  descend  to  the  lower  point  of  the  cavity  when  it  was  uniformly 
heated  from  above  only ;  it  was  found  to  be  attracted  by  a  hot  spatula 
applied  to  one  end  of  the  cavity.  It  was  thought  possible  that  the  ca\iiy 
might  have  an  oblique  inclination,  and  be  attracted  from  the  upper  end 
of  the  cavity,  because  this  motion  might  bring  it  nearer  the  surface 
where  the  source  of  heat  was  placed.  This  was  evidently  the  case,  for 
on  turning  the  slide  upside  down  no  motion  was  caused  by  uniform  heating. 

The  following  experiments  were  made  on  some  good-sized  cavities  in 
rock-crystal.  On  presenting  a  heated  wire  to  one  side  there  was  instant 
attraction,  and  then  the  bubbles  remained  at  the  bottom  of  the  caAities, 
after  which  they  settled  slowly  into  their  original  positions.  A  hot 
spatula  was  passed  over  the  specimen ;  the  bubbles  went  to  the  bottom 
and  there  remained,  in  spite  of  the  attraction  of  the  hot  spatula  to  the 
other  end;  they  then,  after  cooling  slightly,  ascended,  but  descended 
again  on  removal  of  the  spatula,  as  if  jerked  back  by  a  spring.  After  a 
time  they  finally  ascended  slowly.  This  is  a  curious  effect :  it  seems  that 
the  heat,  if  strong,  causes  the  bubbles  to  sink,  and  that  the  heat  of 
the  spatula  cannot  attract  them  up  until  they  have  cooled  somewhat ; 
that  after  attraction  has  drawn  them  to  the  upper  ends  of  the  cavities, 
and  the  source  of  heat  has  been  removed,  they  sink  once  more,  and  finally 
take  up  their  original  positions  after  further  cooling. 

Attraction  and  repulsion  caused  by  heat  in  different  cavities  of  the 
same  specimens. 

Bubbles  attracted  by  heat  and  those  which  are  repelled  have  generally 
been  found  in  separate  and  entirely  different  specimens ;  and  it  would 
appear  most  improbable  that  they  should  exist  in  the  same  piece  of  stone 
side  by  side. 

Pig.  5  shows  six  cavities,  which,  though  not  in  the  same  field  of  the 
microscope,  yet  exist  within  a  quarter  of  an  inch  square  of  the  same 
section  of  rock-crystal.  The  cavity  marked  A'  contains  water  and  liquid 
carbonic  add,  and  cavity  E  contains  liquid  carbonic  acid  only ;  this  might 
be  considered  sufficient  evidence  of  other  cavities  containing  a  highly  com- 
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pressed  gas ;  actual  experiment,  however,  has  proved  that  the  bubbles  are 
spaces  left  by  the  contraction  of  the  water  on  cooling  from  a  high  tempe- 
rature, and  therefore  contain  aqueous  vapour  and  only  such  gas  as  may 
be  dissolved  in  the  water.  Some  obstruction,  probably  friction  or 
adhesion  of  the  liquid,  caused  by  the  flatness  of  the  cavity,  prevents 
the  bubble  in  A'  from  moving  freely  ;  but  it  is  actually  repelled,  or  there 
is  a  tendency  to  repel  it,  if  a  wire  very  strongly  heated  be  brought 
near.  It  is  not  attracted,  however,  at  any  temperature.  When  repelled 
it  returns  as  if  squeezed  back.  Capillarity  makes  the  bubble  assume  a 
spherular  form  whenever  possible ;  therefore  it  returns  to  such  a  position 
as  is  most  compatible  with  this  shape.  Sometimes  the  motion  is  not  a 
transference  of  the  bubble  from  one  point  to  another ;  it  seems  to  be 
fixed,  but  flattened  at  one  side,  and  shaken  as  if  something  were  pushing 
and  trying  to  move  it.  The  bubble  in  A,  a  deeper  cavity,  moves  very 
freely  and  is  repelled  by  heat.  The  cavities  B,  C,  D  contain  bubbles 
which,  curiously  enough,  are  attracted  by  heat. 

Another  cavity  of  irregular  shape,  and  at  least  four  times  the  size  of 
the  largest  of  these,  behaved  exactly  in  the  same  manner.  As  in  the 
other  experiments,  the  objects  were  frequently  turned  about  in  different 
directions  to  prevent  mistakes. 

A  series  of  experiments  were  made  on  these  cavities  to  ascertain  the 
precise  difference,  if  any,  between  them. 

The  bubble  in  A  was  found  to  have  disappeared  at  105°  C,  and  it 
returned  immediately  on  cooling  with  a  sort  of  jump,  which  carried  it 
the  whole  length  of  the  cavity,  and  made  it  rebound  from  the  further 
end.  At  104°  C.  the  bubble  had  not  disappeared.  These  numbers  are 
the  result  of  sixteen  experiments. 

The  bubbles  in  the  cavities  B,  C,  D  did  not  all  behave  in  the  same  way. 
Thus,  from  ten  experiments  at  different  temperatures,  it  was  found  that 
at  85°  C.  the  liquid  in  C  had  expanded  so  as  to  fill  the  entire  space,  at 
83°  C.  it  had  not  done  so,  while  D  required  a  temperature  of  123°  C. 
The  liquid  in  B  was  apparently  unaffected  by  so  slight  a  rise  of  tempera- 
ture, but  it  was  made  to  fill  the  cavity  at  138°  C.  When  heat  had  been 
applied  so  that  the  bubbles  in  all  the  cavities  had  disappeared,  the  one  in 
B  returned  first,  that  in  C  generally  appeared  next,  and  that  in  D  last. 

Sometimes,  after  very  strongly  heating  the  specimen,  the  bubbles  in  C 
and  D  did  not  return  for  half  an  hour,  though  two  or  three  minutes  was 
a  period  quite  sufficient  for  the  specimen  to  become  cooled  down. 

Sometimes  the  appearance  in  the  cavity  on  cooling  somewhat  resem- 
bled the  sort  of  ebullition  which  occurs  when  carbonic  add  is  cooled 
when  at  a  temperature  above  its  critical  point ;  the  motion,  however,  of 
the  bubbles  was  much  slower,  and  occurred  in  one  direction  only,  except 
when  the  bubbles  rebounded  from  the  lowest  point  of  the  cavities. 

The  bubble  in  B  does  not  roll  about  when  the  microscope-stage  is 
rotated;  in  this  respect  it  differs  from  those  in  C  and  D.     Careful 
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experiments  were  made  with  the  view  of  ascertaining  the  temperature 
producing  repulsion  and  attraction  respectively  in  the  different  cavities 
of  this  specimen. 

Eepulsion  to  the  extreme  end  of  the  cavity,  entirely  in  opposition  to 
the  effect  of  gravitation,  was  produced  by  a  temperature  of  5°  C.  above 
that  of  the  specimen.  Attraction  in  opposition  to  gravitation  in  cavity 
D  became  active  by  a  rise  of  5°  C. ;  in  B  14°  C.  were  insufficient  to  do 
more  than  give  a  lateral  motion  to  the  bubble.  On  cavity  C  12°  C.  acted 
energetically. 

A  series  of  experiments  were  made  on  bubbles  which  contained  liquid 
carbonic  acid  as  well  as  gas. 

By  heating  -the  specimen  above  the  critical  point  of  the  carbonic  acid 
we  know  something  of  the  conditions  under  which  subsequent  experi- 
ments may  be  made.  We  know  that  the  liquid  is  water  containing  a 
gas-bubble  under  a  pressure  of  not  less  than  109  atmospheres.  The 
following  are  facts  which,  like  those  preceding,  were  recorded  at  the 
moment  of  observation.  Fig.  4  represents  a  cavity  in  rock-crystal  with 
carbonic  acid  in  the  liquid  and  gaseous  states  floating  upon  water.  The 
bubble  is  so  easily  movable  that  it  shifts  about  like  the  bubble  in  a 
spirit-level.  The  stage  of  the  microscope  holds  the  section  in  a  vertical 
position,  and  when  one  end  of  the  cavity  is  raised  J  a  degree  Centigrade 
in  temperature,  the  bubble  is  driven  to  the  opposite  extremity ;  if  the 
specimen  be  turned  over,  this  will  happen  in  spite  of  the  buoyancy  of 
the  bubble.  The  bubble  takes  up  its  original  position  on  cooling. 
When  the  specimen  is  uniformly  heated  above  the  critical  point  of 
carbonic  add,  repulsion  by  heat  still  takes  place.  I  have  repeated  this 
experiment  during  the  last  twelve  months  an  immense  number  of  times, 
both  with  fine  jets  of  warm  air  and  with  platinum  wires,  always  with 
the  same  result.  Another  exactly  similar  cavity  being  under  examina- 
tion, heat  was  applied  by  means  of  a  hot  wire  spatula.  When  the  edge 
of  the  spatula  was  seen  to  approach,  there  was  an  instant  repulsion 
of  the  bubble  from  the  upper  to  the  lower  end,  and  the  b'quid  carbonic 
acid  was  vaporized.  After  removal  of  the  source  of  heat,  the  bubble 
did  not  rise  (i.  e.  apparently  sink)  to  its  original  position  until  after 
the  liquid  had  condensed  again ;  it  then  slowly  moved  back.  This  ex- 
periment was  repeated  again  and  again  with  other  bubbles  in  the  same 
specimen,  and  notes  were  made  each  time  to  secure  a  truthful  record. 
The  action  in  every  case  was  precisely  the  same ;  repulsion  occurred,  and 
the  bubbles  sank  under  a  uniformly  diffused  rise  of  temperature.  In 
another  specimen  of  rock-crystal  were  seen  two  cavities,  one  containing 
water  only,  and  the  other  water  with  carbonic  acid ;  the  bubble  in  the 
latter  cavity  was  repelled  by  heat  (no  experiment  was  made  to  ascertain 
whether  it  sank  on  warming),  but  that  in  the  water-cavity  was  attracted. 
In  order  that  there  might  be  no  possible  mistake  abeut  this,  the  two 
cavities  were  brought  into  the  field  of  view  at  the  same  time,  and  the 
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heated  spatula  approached  them  both  from  the  same  side;  they  then 
iastantly  darted  in  opposite  directions.  The  movements  were  unaffected 
by  raising  the  temperature  above  the  critical  point  of  carbonic  acid.  It 
is  certainly  very  perplexing  to  find  two  cavities  in  the  some  section 
closely  adjacent  to  each  other,  and  nearly  of  the  same  size,  the  bubbles 
in'  which  ore  moved  in  opposite  directions  by  the  same  source  of  heat 
applied  from  the  same  side. 

Bubbles  containing  gas  at  high  tension,  under  different  conditions  of  tempera- 
tare,  are  first  repelled  and  then  attracted  by  a  heated  body. 

My  work  was  discontinued  for  a  period  of  some  months ;  but  cm 
being  able  to  look  over  my  specimens  once  more,  I  verified  all 
my  former  observations,  and  became  surprised  by  the  following  dis- 
covery. A  bubble  which  was  repelled  by  a  gentle  heat  was  attracted 
after  it  had  been  heated  more  strongly,  and  then  on  cooling  it  was 
again  repelled.  It  appeared  to  contain  some  liquid  carbonic  acid 
floating  on  water  with  the  gas.  Searching  for  such  other  specimens, 
the  cavity,  fig.  6,  A,  was  met  with  ;  it  contained  a  large  proportion  of 
liquid  carbonic  acid,  with  a  little  in  the  gaseous  state  floating  on  water, 
and  the  bubble  is  so  movable  as  to  act  like  a  spirit-level.  On  cautiously 
applying  a  warm  spatula  the  bubble  was  repelled ;  on  heating  it  a  little 
more,  the  liquid  carbonic  acid  became  gas,  and  the  bubble  was  again 
repelled.  The  spatula  was  then  made  almost  red-hot  and  applied ;  the 
bubble  was  then  strongly  attracted ;  after  cooling  somewhat  it  was  again 
repelled.  It  was  noticed  that  after  the  critical  point  of  the  carbonic 
acid  had  been  reached,  the  bubble  sank  through  the  water.  It  has  been 
shown  by  the  various  experiments  already  related  that  at  only  moderate 
temperatures  both  repulsion  and  attraction  can  occur. 

Temperature,  then,  does  not  directly  cause  these  opposite  effects ;  it 
can  only  be  some  alteration  in  the  conditions  of  experiment  caused  by  rise 
of  temperature.  Increase  of  tension  or  pressure  within  the  cavity  is  appa- 
rently the  only  condition  which  has  varied ;  and  probability  that  this  is  the 
cause  of  this  contradictory  attraction  is  afforded  by  the  following  experi- 
ment. The  specimen  was  placed  in  a  water-oven  (the  temperature  it 
would  there  acquire  would  be  about  94°  C.  to  96°  C.) ;  the  platinum 
spatula  was  heated  in  a  beaker  of  oil  to  130°  C.  The  warm  specimen 
insulated  by  india-rubber  was  placed  on  the  microscope-stage,  and  the 
warm  spatula  presented  to  it,  when  instant  attraction  was  seen.  The 
same  proceeding  was  repeated  many  times,  always  with  the  same  result. 
As  the  spatula  cooled  it  ceased  to  affect  the  bubble  at  all ;  of  course  at 
the  same  time  the  specimen  was  also  cooling.  The  spatula  at  the  tem- 
perature of  130°  C.  was  applied  to  the  cooled  specimen,  which  was,  how- 
ever, still  at  a  temperature  above  30°  C. ;  the  effect  was  repulsion  as 
at  first. 

This  seems  to  show  that  the  temperature  which  the  rock-crystal  attained 
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in  the  water-oven,  and  not  that  communicated  to  it  by  the  spatula,  caused 
ftltraction. 

To  ascertain  at  what  temperature  attraction  became  repulsion,  and 
me  versd,  the  specimen  was  placed  upon  a  Strieker's  hot  stage,  and  the 
platmum  wire  was  heated  in  oil  contained  in  a  test-tube. 

A  succession  of  experiments  yielded  the  following  notes : — 

Temperature  Temperature 

of  crystal  of  wire.  Effect  ou  bubble. 

40C HOC Eepulsion  feeble. 

42     110     

45     110 Neither  repulsion  nor  attraction. 

50     100     

52    100     Feeble  attraction. 

52    100     

On  another  occasion  the  wire  was  maintained  at  100°  C,  and  a  number 
of  experiments  gave  like  results : — 

Temperature  of  crystal.  Effect  on  bubble. 

o 

42  C Feeble  repulsion. 

45     Neither  attraction  nor  repulsion. 

^0     „  „  „ 

53     Slight  attraction. 

Above  and  below  these  limits  attraction  and  repulsion  were  feeble. 

I  next  ascertained  the  critical  point  of  the  carbonic  acid  in  this  cavity 
and  found  it  to  be  as  low  as  21°  C.  Prof.  Andrews  kindly  informs  me 
that  14  per  cent,  of  nitrogen  lowers  the  critical  point  of  carbonic  acid 
to  about  20*^  C.  It  is  by  no  means  unlikely  that  nitrogen  is  the  gas 
present  in  this  cavity  in  something  like  the  same  proportion,  and  that  the 
tension  is  something  very  considerable. 

It  seems  to  bo  a  matter  of  great  interest  to  know  whether  the  dif- 
ference in  temperature  between  the  attracting  wire  and  the  bubble  was 
80  slight  as  when  repulsion  occurred;  the  specimen  was  therefore 
Seated  on  the  Strieker's  stags  to  such  a  temperature  as  to  ensure 
ittraction  by  a  hotter  body.  The  following  is  an  account  of  the  ex- 
periments. The  bulb  of  a  fine  thermometer  was  often  used  as  the 
*t*racting  body ;  at  other  times  a  platinum  wire  heated  in  mercury. 
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Temperatures 

^ * ^ 

of  crystal  of  attracting  body.  Effect  on  bubble. 

45C 73C Eepulsion. 

60     83     Attraction  strong. 

60     78     Bubble  attracted  horizontally. 

67     74     Attraction  against  gravitation. 

56     66     No  movement. 

55     75     Strong  attraction. 

60     65     No  movement. 

65     76 Attraction  in  any  direction. 

65     73     9>  »»  >» 

66     70     Attraction. 

65     69     No  movement. 

67     73     Attraction. 

67     76     Attraction  strong. 

68     76     Attraction  against  gravitation. 

65     72     Attraction. 

70     76     No  movement. 

73     78     Attraction. 

60     65     Attraction  feeble. 

Other  experiments  of   the  same  kind  were  made  on  other  cavities, 

which  were,  however,  more  difficult  to  operate  on,  being  smaller  in  size 
and  of  less  regular  shape. 

Temperatures 


of  crystal.  of  attracting  body.  Effect  on  bubble. 

60  C 130  C Neither  attraction  nor  repulsion. 

180     ^^ 

-iQQ  f  Very  strong  attraction  against 


100     

100     iDu     ^      "     :     .^ 

100     160     j       gravitation. 

Somewhat  feeble  attraction. 


100     140     -^ 

100   ^ 140     J' 

100     130     No  effect. 

Another  cavity : — 

75     140  Very  strong  attraction. 

75     130  Attraction  feeble, 

60     130  ^ 

60     125  '.  V  Attraction  feeble, 

60     126  ) 

Here  let  me  explain  that  attraction  or  repulsion,  when  expressed  as 
being  feeble,  should  really  be  understood  as  causing  a  slow  motion.  It 
was  noticed  that  bubbles  without  gaseous  contents,  which  were  attracted. 
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moved  with  a  onifonn  motion,  and  were  kept  at  the  further  ends  of  the 
cavities  until  an  equilibrium  in  temperature  had  been  established,  so 
that  sometimes  the  liquid  had  the  deceptive  appearance  of  sinking  under 
the  rise  of  temperature.  When  gas-bubbles  were  repelled  by  heat,  their 
speed  appeared  to  be  accelerated  after  they  once  commenced  to  move. 

It  may  be  considered  an  argument  against  the  motions  being  due  to 
any  pyroelectric  conditions  of  the  minerals,  that  they  have  been  noticed 
in  crystals  of  fluor-spar,  and  that,  no  matter  in  which  direction  sections 
of  rock-crystal  are  cut,  the  movements  are  all  equally  well  obtained. 

Segarding  the  repulsion  of  gas-bubbles  two  facts  are  striking,  namely 
the  very  slight  rise  of  temperature  (less  than  J®  C.)  on  one  side  of  the 
bubble  capable  of  causing  the  movement,  and  the  great  tension  existing 
within  the  bubble. 

Note.— Received  April  13,  1877. 
I  am  much  indebted  to  Prof.  Stokes  for  having  furnished  an  elucidation 
of  the  cause  of  these  movements,  which  is  perfectly  consistent  with  all 
the  facts  which  I  have  noticed.  In  consequence  of  this  I  have  discarded 
my  own  explanations,  which  were  originally  embodied  in  the  foregoing 
paper,  but  which  were  never  perfectly  satisfactory  to  me. 

In  notes  dated  April  7tb  and  12th  Prof.  Stokes  says  ; — "  It  seems  to 
me,  as  far  as  I  can  judge  without  having  seen  the  specimens,  that  the 
greater  part,  if  not  the  whole,  of  the  motions  you  describe  are  referable 
to  a  cause  different  from  that  suggested  by  Prof.  Tait,  and  that  they 
depend  on  capillarity.  "We  know  that  the  surface-tension  of  a  liquid  is 
diminished  as  the  temperature  is  raised.  The  explanation,  according  to 
this  view,  would  be  very  similar  to  Professor  James  Thomson's  beautiful 
explanation  of  the  tears  of  wine  (Beports  of  the  British  Association, 
1855,  Eeport  2,  p.  16),  only  here  difference  of  temperature  takes  the 
place  of  difference  of  strength,  and  the  surface  of  the  liquid  surrounding 
a  bubble  shrinks  at  the  cooler  side."  The  shrinkage  of  the  liquid  on  the 
cooler  side  of  the  bubble  of  course  propels  it  towards  the  source  of  heat. 
This  explanation  seems  quite  in  accordance  with  all  phenomena  of  attrac- 
tion of  bubbles,  whether  in  carbonic  acid  or  in  water,  with  the  movement 
of  water  in  capillary  tubes,  and  the  vibratory  movements  of  minute 
bubbles  described  in  the  next  paper. 

*^  In  the  case  of  a  cavity  containing  water  with  a  bubble  of  compressed 
carbonic  add,  the  water,  of  course,  containing  gas  in  solution,  the  repul- 
sion by  heat  may  be  accounted  for  by  a  slight  evaporation  of  the  dissolved 
gas  at  the  surface  weakening  the  solution,  and  thereby  increasing  the 
surface-tension ;  and  it  is  quite  conceivable  that  at  different  temperatures 
one  or  other  of  these  opposite  effects  may  prevail." 

Conversely,  one  can  understand  how  different  conditions  of  gaseous 
tension  in  bubbles,  and  the  extent  to  which  the  surrounding  water  is 
charged  with  gas,  may  render  the  effect  of  heat  either  repulsion  or 
attraction.— W.  N.  H. 
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lY.  ^^  On  the  Constant  Vibration  of  Minute  Bubbles.''  By 
Walter  Noel  Hartley,  F.R.S.E.,.  King's  College,  London. 
Communicated  by  Prof.  Stokes,  Sec.  R.S.  Received  March  3, 
1877. 

Those  who  have  given  great  attention  to  the  study  of  fluid-cavities  in 
minerals  have  occasionally  met  with  vibrating  particles  which  are  appa- 
rently bubbles. 

1  first  became  acquainted  with  these  at  the  close  of  last  year,  1875, 
when  Mr.  P.  J.  Butler  was  kind  enough  to  show  me  a  ruby  containing 
a  cavity  partially  filled  with  liquid  carbonic  acid,  the  bubble  in  which, 
when  of  small  size,  was  in  constant  motion.  I  vms  much  struck  with 
this,  and  immediately  connected  it  with  the  motions  caused  by  heat  which 
have  just  been  described,  but  which  at  that  time  had  not  been  so  fully 
studied. 

During  this  last  summer  I  have  had  the  opportunity  of  examining  a 
specimen  of  felstono  from  Snowdon,  for  the  loan  of  which  and  for  a 
section  of  the  same  stone  I  am  much  indebted  to  Mr.  J.  C.  Young,  F.G.S. 
This  contained  portions  of  quartz  with  many  cavities.  The  majority  of 
these  were  water-cavities,  but  others  appeared  to  be  empty ;  and  in  one 
of  them  Mr.  Young  had  noticed  a  moving  particle,  supposed  to  be  a 
bubble,  which  made  its  appearance  only  in  a  cold  atmosphere.  By  drop- 
ping a  little  ether  on  the  object,  the  evaporation  cooled  it  sufficiently  to 
condense  a  liquid  in  the  cavity,  and  the  moving  particle  was  easily  seen 
with  a  magnifying-power  of  400  diameters.  By  immersion  in  iced 
water,  the  temperature  of  which  was  3°*5  C,  the  cavity  has  the  appear- 
ance of  being  two  thirds  filled  with  a  liquid,  the  gas-bubble  of  course 
occupying  the  remaining  space  and  having  a  sort  of  trembling  motion. 
The  bubble  decreased  in  size,  and  the  motion  became  more  and  more 
rapid  as  the  size  became  smaller,  until  it  rushed  up  and  down  and  across 
the  space  in  which  it  was  confined.  The  cavity  and  the  bubble  are 
represented  in  fig.  7  (p.  139)  by  A,  and  the  course  of  the  bubble  during 
rapid  motion  by  C.  The  thought  immediately  occurred  that  this  was  not 
a  gas-bubble,  but  a  liquid  in  the  spheroidal  condition — ^in  all  probar 
bility  carbon  dioxide  in  a  perfectly  dry  condition,  and  perhaps  mixed 
with  some  incondensable  gas,  so  that  its  critical  point  was  lowered.  A 
considerable  number  of  experiments  was  necessary  in  order  to  arrive 
at  a  judgment  as  to  whether  the  moving  particle  was  liquid  or  gaseous ; 
for  if  it  were  the  former  the  particle  would  diminish  by  rise  of  tempera- 
ture through  evaporation,  if  the  latter  through  contraction  of  the  bubble 
consequent  on  expansion  of  the  surrounding  liquid.  Variations  in  tem- 
perature caused  the  following  changes : — 
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The  particle  was  moving  rapidly  at    13*5  C. 

AVell  seen  at    15-5  C. 

Moving  particle  very  small,  motion  very  rapid  at  17-5  C 

r  20-5  C. 
Particle  not  visible     <  lO-o  C. 

i  18-7  C. 

Just  visible 17*7  C. 

Invisible   18-0  C. 

At  —14*^  C.  the  moving  particle  appeared  to  occupy  nearly  half  the 
cavity ;  its  motion  was  very  slight ;  had  it  not  been  previously  seen  in 
rapid  motion,  it  would  have  been  impossible  to  say  with  certainty  that  it 
moved  at  all.  At  —15°  C.  it  was  as  nearly  as  possible  motionless.  It 
was  now  necessary  to  watch  the  effect  of  gravitation  upon  the  particle ; 
for  if  it  be  gaseous  it  will  have  a  tendency  towards  the  upper  part  of  the 
cavity  when  the  liquid  condenses,  while 'if  it  be  liquid  it  will  more  fre- 
quently be  observed  towards  the  lower  end.  In  eight  out  of  ten  experi- 
ment«  in  which  the  liquid  was  condensed  from  the  gaseous  state,  the 
particle  took  up  a  position  at  the  top  of  the  cavity.  The  microscope  was 
placed  at  an  angle  of  45°,  and  the  stage  was  rotated  partially  before  each 
experiment  in  order  to  avoid  examining  the  specimen  in  one  position 
only.  As,  therefore,  the  spherule  is  not  the  fluid  with  greatest  density,  it 
is  most  probably  a  gas-bubble,  and  the  contents  of  the  cavity  are  in  such 
a  stAte  of  compression  that  the  liquid  expands  so  as  to  entirely  fill  the 
cavity  at  18°  C.  The  liquid  is  doubtless  carbon  dioxide.  Several  other 
cavities  of  the  same  kind  were  not-ed. 

This  shows  that  in  examining  rock-sections  it  is  necessary  to  cool  as 
well  as  warm  the  specimens. 

The  following  test  gave  indisputable  evidence  that  the  moving  particle 
was  the  bubble.  While  in  rapid  motion  the  bubble  was  strongly  attrac- 
ted to  the  side  of  the  cavity  when  a  body  of  a  slightly  higher  tempera- 
ture was  made  to  approach  it.  That  the  liquid  which  exliibits  such  mo- 
tion need  not  be  a  condensed  gas  is  shown  by  the  following  fact«.  A  piece 
of  quartz  from  the  summit  of  Snowdon  abounded  in  water-cavities  of  dif- 
ferent sizes.  Some  of  these  contained  a  bubble  in  constant  vibratory  motion 
at  18°  C.  The  size  of  the  cavities  was  about  ^(hii  ^  h^g  ^^  ^^  ^^K  and 
the  size  of  the  bubbles  -^j^ldo  of  an  inch  in  diameter  (see  hg,  7,  A  and  B). 
The  movements  were  chiefly  vibrations  up  and  down,  and  gentle  alterations 
in  position  from  right  to  left.  A  platinum  spatula  was  made  red-hot 
and  brought  near  to  the  object-glass ;  the  motion  instantly  ceased,  and 
the  bubble  was  seen  clinging  to  the  side  nearest  the  heated  spatula.  On 
changing  the  position  of  the  spatula  the  bubble  did  not  immediately  move ; 
it  seemed  to  require  some  time  for  a  rise  of  temperature  to  overbalance 
that  which  the  stone  had  previously  acquired.  From  right  to  left  and 
from  top  to  bottom  the  bubble  was  attracted  and  made  to  come  to  rest. 

Digitized  by  VjOOQ  IC 


152  Mr.  Gustav  Bischof  on  Putrescent  [Apr.  19, 

When  the  heating  was  not  excessive  the  bubbles  did  not  become  motion- 
less, but  their  vibrations  had  a  tendency  to  one  side  of  the  cavity,  as  in 
fig.  7,  D  and  E. 

The  larger  bubbles  in  other  cavities  were  likewise  attracted.  The 
vibrating  bubbles  were  generally  seen  at  or  near  the  top  of  the  cavities. 
Cooled  with  ether-spray  the  bubbles  ceased  vibrating.  The  microscope- 
stage  was  inclined  at  an  angle  of  45°  throughout  the  experiments.  About 
fifty  different  cavities,  none  of  them  exceeding  the  dimensions  already 
given,  all  behaved  in  the  same  way.  There  were  several  moving  bubbles 
in  cavities  a  little  larger  than  those  already  noted;  for  instance  one 
measured  x^j^  X  -^j^  of  an  inch.  The  motion  never  extended  across 
the  cavity,  but  was  confined  to  a  sort  of  shufl9ing  up  and  down,  which 
shifts  the  bubble  from  one  side  to  the  other  (see  fig.  7,  D  and  E).  On 
presenting  a  warm  wire  to  the  cavity  the  bubble  was  instantly  attracted, 
and  it  remained  clinging  for  some  time  to  the  side  of  the  cavity. 

Eor  an  explanation  of  the  cause  of  vibration  I  must  refer  to  the  fact 
that  I  have  proved,  that  gas-bubbles  in  water  as  well  as  in  carbonic  acid 
may  be  attracted  by  a  source  of  heat  giving  an  extremely  slight  rise  of 
temperatiu^.  It  is  impossible  to  imagine  a  body  which  is  not  gaining 
or  losing,  or,  at  the  same  time,  both  gaining  and  losing  heat ;  it  is  there- 
fore impossible  to  imagine  it  entirely  throughout  at  a  umform  tempera- 
ture. It  is  evident,  then,  that  an  easily  movable  particle  which  can  be 
set  in  motion  by  exceedingly  slight  rises  of  temperature  will  make  the 
transferenceof  heat  from  one  point  to  another  plainly  visible.  1  have  shown 
that  the  minute  bubbles  in  fluid-cavities  are  such  paj*ticles ;  and  1  believe 
that  the  vibratory  motions  which  I  have  described  afford  an  ocular  de-  - 
monstration  of  the  continual  passage  of  heat  through  solid  substances. 


ApHl  19,  1877. 
Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  ''  On  Putrescent  Organic  Matter  in  Potable  Water.*'  By 
Gustav  Bischof.  Communicated  by  E.  Frankland,  F.R.S. 
Received  March  17,  1877. 

It  is  fortunate  that  smell  and  taste  are  generally  extremely  sen- 
sitive indicators  of  putrefaction  in  articles  of  food.  This  does  not, 
however,  apply  to  drinking-water,  which  may  be  largely  polluted  by 
putrescent  organic  impurities  without  causing  any  suspicion  to  our 
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sendee.  Aad  yet  the  question  of  the  wholesomeness  o£  water  hinges 
mainly  upon  the  presence  or  absence  of  such  putrescent  matters,  as  they 
themselves  are  the  cause  of  derangements  of  the  human  system.  Most 
serious,  however,  are  the  consequences  when  those  low  forms  of  organic 
Kfe,  which  in  all  probability  form  the  specific  poison  of  cholera,  typhoid 
fever,  and  other  diseases,  gain  admission  to  drinking-water  polluted  by 
putrescent  matter. 

A  number  of  observations  point  to  the  conclusion  that  these  organisms, 
or  their  germs,  are  not  infectious  as  long  as  surrounded  by  fresh  organic 
matter ;  but  as  soon  as  fermentation  sets  in,  they  show  their  poisonous 
virulence.  Thus  it  has  been  observed  that  the  discharges  of  cholera  and 
typhoid  patients  are  not  infectious  as  long  as  they  are  fresh,  but  by 
putrescence  their  poisonous  character  is  developed. 

Chemical  analysis  is  incapable  of  discriminating  between  living  or 
dead,  fresh  or  putrescent  organic  matters.  The  microscope  reveals  their 
nature  more  fully ;  but  it  is  nevertheless  frequently  a  matter  of  great 
difficulty  to  decide  as  to  the  existence  or  non-existence  of  Bacteria  of 
putrefaction,  or  their  germs,  in  water.  It  thus  appeared  to  me  that  this 
information  might,  in  some  cases  at  least,  be  gained  with  greater  cer- 
tainty by  an  indirect  method. 

If  we  want  to  determine  whether  a  gas  be  carbonic  anhydride,  we  pass 
it  through  potash  bulbs,  and  see  whether  these  increase  in  weight.  Simi- 
larly the  presence  or  absence  of  putrefactive  agencies  in  water  may  be 
determined  by  their  action  upon  organic  matter.  The  test  I  selected  is 
fresh  meat,  as  the  slightest  putrescent  changes  in  it  can  most  readily  be 
detected  by  its  smell. 

The  experiments,  which  were  originally  made  with  a  view  of  deter- 
mining the  improvement  of  water  by  certain  filtering  media,  were,  with 
the  exception  of  experiment  VIII.,  carried  out  in  the  following  manner : — 

On  to  the  perforated  bottom  (a)  of  a  stoneware  vessel  (« $)  I  place 


some  fresh  meat.     The  vessel  is  then  filled  to  about  two  thirds  with  the 
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materials  to  be  experimented  upon,  and  lastly  \vith  water.  Into  open- 
ing c  a  tin  tube  is  fixed,  which  is  first  bent  upwards  and  then  downwards 
in  the  shape  of  an  inverted  U,  to  prevent  any  Bacteria  or  their  germs 
from  passing  through  this  outlet-tube  into  the  bottom  of  the  vessel.  The 
air-pipe  cZ,  down  to  c,  is  filled  with  firmly  compressed  cotton-wool,  and  a 
glass  tube,  sealed  at  its  bottom,  is  passed  down  through  the  material  experi- 
mented upon,  to  allow  of  the  temperature  being  measured  in  close 
proximity  to  the  meat.  The  vessels  thus  prepared  are  immersed  in  a 
boiler  filled  with  cold  water,  which  is  gradually  heated  and  kept  boiling 
for  several  hours.  The  object  of  this  is  to  destroy  any  germs  adhering 
to  the  meat.  The  temperature  at  the  bottom  of  the  sealed  glass  tube 
was,  during  the  boiling,  in  each  of  the  foUowmg  experiments  93*^-95°  C. 

After  cooling,  the  Chelsea  Company's  water  was  constantly  passed 
through  the  vessels  in  the  direction  indicated  by  arrows,  at  as  nearly  as 
possible  a  uniform  speed. 

It  is  thus  evident  that  any  Bacteria  of  putrefaction,  or  their  germs,  in 
the  water  would,  after  a  time,  render  the  meat  putrid,  or,  if  it  remains 
fresh,  they  must  have  been  absent,  or  at  least  inactive,  when  the  water 
reached  the  meat. 

I  now  proceed  to  describe  the  experiments. 

Experiment  I. — One  of  the  vessels  was  filled  with  spongy  (metallic) 
iron,  and  treated  as  before  described ;  after  a  fortnight  the  meat  was 
perfectly  fresh. 

Experiment  11. — A  vessel  filled  with  animal  charcoal ;  after  a  fortnight 
the  meat  showed  strong  evidence  of  incipient  putrefaction.  As  experi- 
ments I.  and  n.  were  conducted  side  by  side,  this  result  proves  that  the 
preservation  of  the  meat  in  experiment  I.  was  not  due  to  any  external 
cause,  such  as  the  low  temperature  then  prevailing. 

Experiment  III. — Water  continuously  passed  through  a  vessel  filled 
with  spongy  iron  for  four  weeks ;  even  then  the  meat  was  perfectly  fresh 
and  hard. 

Experiment  IV.  was  a  repetition  of  II.,  the  filtration  of  water  through 
animal  charcoal  being  continued  for  four  weeks.  The  meat  was  soft  and 
quite  putrid.  In  the  course  of  this  experiment  the  exit-tube  was  several 
times  choked  by  mucous  mat-ter. 

Experiment  V. — In  experiments  I.  and  HI.  ^^ith  spongy  iron,  this 
material  was  employed  without  separating  any  of  the  fine  dust.  In 
order  to  ascertain  whether  Bacteria  were  merely  mechanically  retained,  a 
vessel  was  charged  with  spongy  iron,  from  which  all  the  finer  particles 
had  been  separated  by  a  sieve  with  thirty  holes  on  the  linear  inch.  The 
filtering  medium  in  this  case  was  therefore  of  a  porous  nature.  After 
four  weeks'  filtration  the  meat  was  perfectly  fresh. 

Experiment  YI. — In  the  previous  experiments  with  spongy  iron  the 
meat  was  in  contact  with  water,  from  which  the  iron  in  solution  had  not 
been  separated.  With  a  view  of  ascertaining  whether  the  iron  in  solution 
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\ras  the  prcsemng  agent,  a  stoneware  vessel  was  charged  underneath  the 
spongy  iron  with  pyrolusite  and  sand,*  so  as  to  abstract  the  iron  from  the 
water  before  it  came  in  contact  with  the  meat.  After  four  weeks'  filtra- 
tion the  latter  was  found  perfectly  fresh. 

Erperimeni  VII. — By  a  separate  experiment  I  ascertained  that  the 
oxygen  is  completely  abstracted  from  water  during  its  passage  through 
spongy  iron.  In  order  to  determine  whether  the  absence  of  oxygen  be 
the  cause  of  the  preservation  of  the  meat,  and  whether  the  Bacteria  or 
their  germs  be  killed  or  can  be  renved  when  supplied  with  oxygen,  an 
evaporating-basin  was  inverted  over  the  meat.  This  must  have  retained 
a  quantity  of  air  in  its  cavity,  the  air  being  gradually  dissolved  by  the 
water  in  close  proximity  to  the  meat.  After  four  weeks'  filtration  the 
meat  was  perfectly  fresh ;  I  succeeded  in  collecting  a  small  bubble  of  the 
gaa,  still  in  the  cavity  of  the  evaporating-basin.  This  was  quite  free 
from  oxygen. 

It  is  therefore  doubtful  whether  oxygen  was  supplied  to  the  water 
sufficiently  long  to  justify  any  conclusions  from  this  experiment.  How- 
ever, the  result  of  experiment  VUI.  rendered  a  repetition  unnecessary. 

Exptrimcnt  VIII. — Fresh  meat  was  placed  at  the  bottom  of  a  glass 
vessel  and  left  standing,  covered  with  about  four  inches  of  spongy  iron 
and  water.  The  vessel  in  this  instance  was  not  boiled.  After  three 
weeks  the  meat  was  very  bad,  demonstrating  that  the  action  of  the 
Bacteria  of  putrefaction  adhering  to  the  meat  was  not  prevented  by 
the  spongy  iron  above;  and  if,  during  the  previous  experiments  with 
spongy  iron,  agencies  capable  of  causing  putrefaction  had  at  any  time 
come  in  contact  with  the  meat  (in  other  words,  if  the  Bacteria  had 
not  been  killed  in  their  passage  through  spongy  iron),  the  meat  must, 
as  in  this  last  experiment,  have  shown  marks  of  their  action.  It 
therefore  appears  that  Bacteria  are  permanently  rendered  harmless 
when  passing  in  water  through  spongy  iron.  This  conclusion  is  further 
corroborated  by  the  observation  that  even  effluent  sewage-water,  after 
passing  through  the  spongy  material,  has  remained  perfectly  bright  for 
now  five  years  when  exposed  to  light  in  a  haK-filled  stoppered  bottle. 

I  believe  that  the  action  of  spongy  iron  on  organic  matter  largely 
consists  in  a  reduction  of  ferric  hydrate  by  organic  impurities  in  water. 
We  know  that  even  such  organic  matter  as  straw  or  branches  is 
capaUe  of  reducing  ferric  to  ferrous  hydrate.  Wo  know  that  even 
such  indestructible  organic  matter  as  linen  and  cotton  fibres  is 
graduaQy  destroyed  by  rust-stains.  This  action  is  slow  when  experi- 
menting upon  ordinary  ferric  hydrate ;  but  it  may,  in  statu  nasctndi^  be 
very  energetic — ^the  more  so,  if  we  consider  the  nature  of  the  organic 
matter  in  water.  Ferric  hydrate  is  always  formed  in  the  upper  part  of 
a  layer  of  spongy  iron  when  water  is  passed  through  that  material.  The 
ferrous  hydrate  resulting  from  the  reduction  by  organic  matter  may  be 
re-oxidi«ed  by  oxygen  dissolved  in  the  water,  and  thus  the  two  reactions 
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repeat  themselves.  This  would  explain  why  the  action  of  spongy  iron 
continues  so  long. 

It  is,  however,  quite  certain  that  there  is  also  a  reducing  action  taking 
place  when  ordinary  water  is  passed  through  spongy  iron.  This  is  clearly 
indicated  by  the  reduction  of  nitrates. 

Our  knowledge  of  those  low  organisms  which  are  believed  to  be  the 
cause  of  certain  epidemics  is  as  yet  too  limited  to  allow  of  direct  experi- 
ments upon  them.  It  is  not  improbable  that,  like  the  Bacteria  of  putre- 
faction, they  are  rendered  harmless  when  water  containing  them  passes 
through  spongy  iron ;  but  until  we  possess  the  means  of  isolating  these 
organisms,  this  question  can  only  be  definitively  settled  by  practical 
experience.  Should  this  not  be  satisfactory,  should  those  specific  con* 
tagia  not  be  destroyed  when  passing  in  water  through  spongy  iron,  then 
the  separation  of  Bacteria  by  spongy  iron  may  afford  means  of  isolating 
those  germs  of  disease ;  should  it  be  favourable,  then  we  shall  have  found 
in  spongy  iron  the  material  to  prevent  the  spreading  of  epidemics  by 
potable  water. 


II.  ''On  a  Cause  for  the  Appearance  of  Bright  Lines  in  the 
Spectra  of  Irresolvable  Star  Clusters.^*  By  E.  J.  Stone, 
M.A.,  F.R.S.,  Her  Majesty's  Astronomer,  Cape  of  Gx)od 
Hope.     Received  March  20,  1877. 

Before  the  announcement  of  Mr.  Huggins's  discovery  of  the  presence 
of  bright  lines  in  the  spectra  of  nebulae,  it  was  generally,  if  not  univer- 
sally, accepted  as  a  fact  that  nebulae  were  merely  stellar  clusters  irresol- 
vable on  account  of  their  great  distances  from  us.  This  view  had  become 
impressed  on  the  minds  of  many  of  our  greatest  observing  astronomers 
in  the  progress  of  their  work,  and  is  one  therefore  which  should  not 
lightly  be  abandoned. 

It  appears  to  me  that  Mr.  Huggins's  observations,  instead  of  being 
inconsistent  with  the  view  formerly  held  by  astronomers,  are  rather  con- 
firmatory of  the  correctness  of  that  view. 

The  sun  is  known  to  be  surrounded  by  a  gaseous  envelope  of  very  con- 
siderable extent.  Similar  envelopes  must  surrouud  the  stars  generally. 
Conceive  a  close  stellar  cluster.  Each  star,  if  isolated,  would  be  sur- 
rounded by  its  own  gaseous  envelope.  These  gaseous  envelopes  might, 
in  the  case  of  a  cluster,  form  over  the  whole,  or  a  part  of  the  cluster,  a 
continuous  mass  of  gas.  So  long  as  such  a  cluster  was  within  a  certain 
distance  from  us,  the  light  from  the  stellar  masses  would  predominate  over 
that  of  the  gaseous  envelopes.  The  spectrum  would  therefore  be  an 
ordinary  stellar  spectrum.  Suppose  such  a  cluster  to  be  removed  further 
and  further  from  us.  The  light  from  each  star  would  be  diminished  in 
the  proportion  of  the  inverse  square  of  the  distance ;  but  such  would  not 
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be  the  case  with  the  light  from  the  enveloping  surface  formed  by  the 
gaseous  envelopes.  The  light  from  this  envelope  received  on  a  slit  in  the 
focus  of  an  object-glass  would  be  sensibly  constant,  because  the  contri- 
buting area  would  be  increased  in  the  same  proportion  that  the  light 
received  from  each  part  is  diminished.  The  result  would  be  that  at  some 
definite  distance,  and  all  greater  distances,  the  preponderating  light 
received  from  such  a  cluster  would  be  derived  from  the  gaseous  envelopes 
and  not  from  the  isolated  stellar  masses.  The  spectrum  of  the  cluster 
would  therefore  become  a  linear  one,  like  that  from  the  gaseous  sur- 
roundings of  our  own  sun.  The  linear  spectrum  might,  of  course,  under 
certain  circum'stances,  be  seen  mixed  up  with  a  feeble  continuous  spec- 
trum from  the  light  of  the  stars  themselves. 

It  should  be  noticed  that,  in  this  view  of  the  subject,  the  linear  spec- 
trum can  only  appear  when  the  resolvability  of  the  cluster  is  at  least 
injuriously  affected  by  the  light  of  the  gaseous  envelopes  becoming 
sensibly  proportional  to  that  from  the  stellar  masses,  and  that  in  the 
great  majority  of  such  cases  it  would  only  be  in  the  light  from  the  irre- 
8<^vable  portions  of  the  cluster  that  bright  lines  could  be  seen  in  the 
spectrum. 

The  changes  in  form  which  would  be  presented  to  us  by  such  a  nebula 
might  be  expected  to  be  smalL  These  changes  would  depend  chiefly 
upon  changes  in  the  distribution  of  the  stellar  masses  constituting  the 
cluster.  It  has  always  appeared  to  me  difficult  to  realize  the  conditions 
under  which  isolated  irregular  masses  of  gas,  presenting  to  us  sharp 
angular  points,  could  exist  uncontrolled  by  any  central  gravitational  mass 
without  showing  larger  changes  in  form  than  appear  to  have  been  the 
case  with  many  of  the  nebulse.  In  my  view  of  the  nature  of  nebulas  this 
difficulty  no  longer  exists. 

Boyal  Observatory,  Cape  of  Good  Hope, 
Fehruary  9,  1877. 


III.  "  On  some  Figures  exhibiting  the  Motion  of  Vibrating  Bodies, 
and  on  a  New  Method  for  determining  the  Speed  of  Machines." 
By  Herbert  M'Leod,  F.C.S.,  Professor  of  Experimental 
Science,  and  George  Sydenham  Clarke,  Lieut.R.E.,  In- 
structor in  Geometrical  Drawing  in  the  Royal  Indian  En- 
gineering College,  Cooper's  HiU.  Communicated  by  Prof. 
Duncan,  F.R.S.,  Pres.G.S.     Received  April  5,  1877. 

If  the  image  of  a  point  of  light  or  of  a  black  dot  on  a  white  ground  be 
observed  in  a  vibrating  mirror,  the  motion  of  which  may  be  produced  by 
a  tuning-fork  or  reed,  the  point,  in  virtue  of  the  retention  of  the  image 
on  the  retina,  will  appear  as  a  straight  line.  If,  however,  the  luminous 
point  be  moving  in  a  direction  at  right  angles  to  the  plane  in  which  the 
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fork  vibrates,  and  parallel  to  the  plane  of  the  mirror,  the  combination  of 
the  two  rectilinear  motions  will  produce  a  sinuous  line  or  wave-form. 

The  dimensions  of  this  wave  will  depend  on  the  amplitude  of  the 
vibrations  of  the  fork  and  on  the  velocity  of  movement  of  the  point  of 
light  in  relation  to  the  period  of  the  fork :  when  the  rate  of  translation 
of  the  point  is  great  the  wave-length  will  be  great ;  with  a  low  velocity 
the  wave-length  will  be  small.  The  greater  the  amplitude  of  the  vibra- 
tions of  the  fork,  the  greater  wiD  be  the  amplitude  of  the  wave. 

When  a  series  of  equidistant  points  attached  to  a  rotating  disk  or 
cylinder  is  employed,  the  properties  of  the  wave  differ  very  much  accord- 
ing to  the  velocity  o£  the  moving  disk.  If  the  points  are  placed  in  a 
circle  on  a  disk  or  cylinder  rotating  with  such  a  velocity  that  the  time 
occupied  by  a  point  in  passing  over  a  distance  equal  to  that  between  two 
consecutive  points  is  exactly  equal  to  the  period  of  one  complete  vibration 
of  the  fork,  a  continuous  stationary  figure  is  perceived ;  but  if  the  point 
passes  over  a  distance  slightly  greater  than  the  intervals,  the  figure  will 
show  a  slow  progression  in  the  direction  of  the  moving  circle ;  and  when 
the  space  described  by  the  point  is  slightly  l^ss  than  the  distance  between 
the  points,  the  motion  of  the  figure  will  be  in  the  opposite  direction.  If 
the  velocity  of  the  circle  is  one  half  of  that  necessary  to  produce  the  sta- 
tionary wave  another  stationary  figure  results,  but  with  half  the  wave- 
length of  the  previous  one,  the  luminous  point  passing  over  a  distance 
equal  to  the  interval  between  two  points  during  two  vibrations  of  the 
fork ;  the  brightness  of  the  wave  is  also  less.  Generally,  if  the  time  oc- 
cupied by  the  point  in  moving  through  a  distance  equal  to  that  between 
two  consecutive  points  is  an  exact  multiple  of  the  period  of  the  fork, 
stationary  waves  will  be  formed ;  waves  thus  produced  have  been  observed 
with  velocities  i,  i,  |,  ^,  and  ^  of  that  necessary  to  generate  ^e  wave-form 
first  described. 

When  the  velocity  of  the  moving  points  is  so  much  increased  that  the 
eye  is  imable  to  follow  the  movement  of  the  figure,  a  complex  form  is  pro- 
duced by  the  overlapping  of  several  waves ;  and  at  some  velocities  the&e 
figures  may  appear  stationary,  but  their  complexity  usually  makes  it 
difficult  to  establish  their  exact  form.  Another  simple  and  easily  recog- 
nized figure,  however,  is  observed  when  the  velocity  ol  the  moving  points 
is  once  and  a  half  as  great  as  that  necessary  to  produce  the  stationary 
single  wave.  This  figure  is  caused  by  the  overlapping  of  three  waves 
so  placed  that  the  crest  of  one  is  over  the  crossing  of  the  other  two. 
This  figure,  like  the  previous  one,  shows  a  direct  or  inverse  motion  when 
the  velocity  of  the  points  is  not  exactly  that  which  would  produce  the 
stationary  figure.  When  the  velocity  of  the  points  is  such  that  the  dis- 
tance traversed  by  one  point  during  a  complete  vib-^ation  of  the  fork  is 
equal  to  double  the  interml  between  two  consecutive  points,  a  figure  is 
formed  by  the  overlapping  of  two  waves  with  their  crests  and  hollows 
opposed  and  crossing  at  the  line  that  would  be  described  by  the  points  if 
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the  mirror  were  not  vibrating.  When  this  figure  is  produced  the  number 
of  points  passing  in  a  given  time  is  twice  the  number  of  vibrations  of 
the  mirror ;  this  is  the  most  useful  form  for  observation,  as  it  is  very 
easily  recognized.  By  still  further  increasing  the  rapidity  of  passage  of 
l^e  points  aAiple  figure  is  again  produced  when  the  rate  of  rotation  is 
exactly  double  that  which  forms  the  similar  figure  mentioned  preyiously ; 
or,  calling  the  velocity  producing  the  single  figure  1,  the  triple  is  observed 
with  a  velocity  of  1^  and  also  3.  When  the  rate  is  4,  a  figure  composed 
of  four  overlapping  waves  is  formed. 

It  is  thus  seen  that,  like  the  single  wave,  the  triple  figure  may  be  pro- 
duced by  more  than  one  velocity — in  fact  it  has  been  ol^erved  with  four 
distinct  velocities,  namely,  3,  ^  |,  and  f ,  taking  the  velocity  producing 
the  single  figure  as  1.  Similarly  the  double  figure  has  been  obtained 
with  a  velocity  of  2,  |,  and  f ;  and  the  quadruple  with  the  velocities  4 
and  ^.  It  is  obvious  that  these  are  not  the  only  rates  capable  of  form- 
ing these  figures.  Theoretically  each  may  be  obtained  by  an  infinite 
number  of  velocities ;  and  the  relation  between  the  number  of  vibra- 
tions and  the  passage  of  the  points  may  be  expressed  in  the  following 
terms: — 

A  single  wave  is  formed  when  a  whole  number  of  vibrations  takes 
place  in  the  time  of  the  passing  of  a  point  over  one  interval. 

A  double  figure  is  formed  when  a  whole  number  of  vibrations  takes 
place  in  the  time  of  the  passing  of  a  point  over  two  intervals,  provided 
that  this  whole  number  is  not  divisible  by  two. 

A  triple  figure  is  formed  when  a  whole  number  of  vibrations  takes 
place  in  the  time  of  passing  (^  a  point  over  three  intervals,  provided 
that  the  whole  number  is  not  divisible  by  three. 

Lastly,  a  quadruple  figure  is  formed  when  a  whole  number  of  vibra- 
tions takes  place  in  the  time  of  passing  of  a  point  over  four  intervals, 
provided  that  the  whole  number  is  not  divisible  by  two  or  by  four. 

Besides  the  mirror  other  means  may  be  employed  to  view  these  figures : 
for  instance,  they  may  be  observed  through  a  lens  attached  to  one  of 
the  prongs  of  the  fork,  or  a  real  image  of  the  figures  may  be  produced 
by  the  lens  and  observed  with  or  without  a  fixed  lens.  Instead  of  a 
tuning-fork  a  reed  may  be  used  to  carry  the  mirror  or  lens. 

Erom  the  foregoing  it  will  be  seen  that  the  formation  of  these  figures 
may  be  employed  for  determining  the  speed  of  revolution  of  theT  disk  or 
cylbider,  if  the  period  of  the  fork  or  reed,  and  also  the  number  of  points 
on  the  rotating  body,  are  known. 

For  some  velocities,  indicated  by  whole  numbers  per  minute,  the  circle 
on  the  disk  or  cylinder  must  be  divided  into  equal  intervals ;  thus  in  the 
case  of  a  fork  vibrating  60  times  a  second,  or  3600  times  a  minute,  it 
IB  necessary  that  7200  points  should  pass  in  a  minute  in  order  to  form 
the  double  figure.  If  the  disk  is  rotating  100  times  a  minute,  it  is  clear 
that  the  circle  must  contain  72  equal  intervals;  for  a  velocity  of  96 
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revolutions  per  minute  75  equal  intervals;  but  for  the  intermediate 
numbers  of  rotations  fractional  numbers  of  intervals  are  necessary ;  for 
97  revolutions  74-226  intervals  are  required.  Great  difficulties  would 
be  found  in  dividing  the  circles  in  this  manner ;  and  the  employment  o£ 
whole  numbers  of  intervals  would  be  equally  inadmissibl^r4  intervals, 
for  example,  corresponding  to  97*2973  revolutions.  This  difficulty  may 
be  obviated  by  ruling  on  paper  convergent  lines,  and  then  wrapping  the 
paper  round  a  cylinder,  so  that  one  of  the  lines  is  parallel  to  the  axis. 
In  this  way  circles  traced  round  the  cylinder  are  divided  into  any  required 
parts ;  and  between  those  circles,  where  numbers  of  equal  intervals  are 
found,  there  will  be  every  conceivable  division  between  these  numbers. 

This  method  of  division  possesses  also  the  great  advantage  that  equal 
distances  along  the  cylinder  correspond  to  equal  differences  of  numbers 
of  rotations :  taking  the  above  example,  the  circles  on  the  cylinder  where 
72  and  75  equal  intervals  are  found  will  correspond  to  100  and  96  rota- 
tions respectively ;  on  dividing  the  distance  between  the  two  rings  into 
four  equal  parts,  numbers  of  spaces  corresponding  to  the  whole  nimibers 
of  rotations,  99,  98,  and  97,  will  be  found  on  the  three  intermediate 
circles.  The  lines  may  now  be  converted  into  dots  by  erasing  the  portions 
not  required,  or  a  screen  with  narrow  slit«  placed  in  front  of  the  cylinder 
will  effect  the  same  object. 

Another  arrangement  may  be  employed  by  which  fractions  of  rotations 
may  be  measured.  If  the  lines  are  viewed  through  a  narrow  slit  in  a 
piece  of  black  paper  or  thin  metal  attached  to  a  tuning-fork  or  reed, 
vibrating  in  a  plane  parallel  to  the  axis  of  the  cylinder,  the  figures  will  be 
perceived  on  looking  through  the  slit.  If  the  fork  be  now  moved  parallel 
to  the  axis  of  the  cylinder  imtil  the  figure  appears  stationary,  the  numbers 
of  rotations  may  be  read  off  from  a  graduated  scale. 

When  the  figure  is  formed  on  circles,  the  circumferences  of  which  are 
not  an  exact  multiple  of  the  intervals,  so  that  one  division  is  smaller  than 
the  rest,  the  figure  is  observed  to  make  a  sudden  movement  or  jump  at 
the  time  of  the  passage  of  the  small  division.  There  seems  to  be  no  way 
of  preventing  this  ;  but  it  b  not  found  to  have  any  practical  objection ; 
for  when  the  crossings  of  the  double  curve  remain  stationary  during  the 
remainder  of  the  revolution,  the  proper  position  on  the  cylinder  has  been 
obtained.  After  the  jump  the  figure  remains  stationary,  but  in  a  slightly 
altered  position. 

In  the  emplojrment  of  the  tuning-fork  means  had  to  be  devised  for 
readily  setting  it  in  vibration :  the  use  of  the  violin  bow  is  obviously  in- 
convenient ;  and  this  was  soon  replaced  by  a  fork  with  the  distance  be- 
tween the  prongs  less  at  the  top  than  at  the  bottom,  and  which  was 
started  in  the  usual  way  by  drawing  a  rod  between  the  prongs.  This 
mode  has  ultimately  been  replaced  by  the  use  of  a  short  piece  of  soft  iron, 
carried  on  an  axis  fixed  between  the  prongs ;  when  forced  between  the 
prongs  the  iron  bar  opens  them  to  a  sufficient  extent,  and  on  turning  the 
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Axis  rapidly  through  Wf  tlie  bar  \&  placed  parallel  to  the  fork,  which  is 
left  yibrating.  Thia  contrivance  may  be  found  useful  for  lecture  pur- 
poses when  large  forks  are  used  to  show  Llssajous'  figures.  It  may  be 
mentioned  in  passing  that  two  forks  without,  mirrors  or  lenses  may 
readily  be  brought  into  unison  or  into  some  simple  relation  by  attaching 
to  one  prong  of  each  a  thin  piece  of  black  paper  with  a  fino  slit.  One 
fori^  is  placed  yertically  and  tiie  other  horizontally,  a  fixed  lens  being 
mounted  between  them  so  as  to  form  an  image  of  one  slit  on  the  other. 
Light  is  then  passed  through  one  slit ;  and  on  looking  through  the  other 
a. square  dot  of  light  is  seen,  which  produces^the  Lissajous'  figures  when 
the  forks  are  in  motion.  With  a  large  fork  the  influence  of  the  additional 
weight  of  the  paper  and  attaching  gum  is  imperceptible. 

When  a  slit  on  a  fork  or  reed  is  used  together  with  the  rotating  cylinder, 
it  is  necessary  to  avoid  parallax  by  throwing  on  the  slit  an  image  of  the 
lines  by  means  of  a  lens,  and  the  observation  is  much  &cilitated  by  the 
employment  of  a  second  lens  to  view  the  slit.  The  reed  is  placed 
within  a  box  capable  of  travelling  on  a  fixed  bed  parallel  to  the  cylinder, 
and  the  slit  is  soldered  to  the  reed  within  the  box ;  the  latter  is  pierced 
bj  two  holes  closed  with  lenses.  Some  diflSculty  was  at  first  experienced 
with  the  harmonium  reed,  which  was  placed  in  a  box  small  enough  to  be 
readily  movable  along  the  slide,  and  to  which  the  air  had  to  be  led  by  a 
flexible  tube.  The  reed  requiring  a  large  quantity  of  air  at  low  pressure 
to  cause  it  to  vibrate  properly,  it  was  not  possible,  without  the  use  of 
large  bellows  and  wide  conducting-tubes,  to  produce  the  desired  effect ; 
it  also  appears  essential  that  the  air  in  contact  with  the  reed  should  le 
contained  in  a  chest  of  considerable  dimensions,  to  permit  of  sufficient 
compression  of  the  air  when  the  t<mgue  nearly  closes  the  orifice.  After 
numerous  failures,  a  method,  whidi  we  believe  to  be  novel  in  this  applica- 
tion, was  found  quite  efficacious,  namely,  the  employment  of  the  principle 
of  the  injector  or  jet-pump.  To  the  box  is  fixed  a  wide  brass  tube,  with 
a  considerable  orifice  in  the  side ;  at  the  end  of  the  tube  away  from  the 
box  is  fitted  by  a  cork  a  glass  tube,  terminating  in  a  narrow  jet  1^  millim. 
in  diameter ;  when  air  is  forced  through  the  jet  at  a  pressure  about  equal 
to  that  of  a  column  of  water  20  or  25  centims.  in  height  the  reed 
vibrates  perfectly,  the  mean  pressure  of  the  air  in  the  box  being  equal  to 
that  of  a  column  of  wai^  about  1^  millim.  high. 

Instead  of,  or  together  with,  the  graduated  scale  along  which  the  box 
containing  the  read  or  tuning-fork  slides,  a  scale  may  be  placed  on  a  thin 
role  dose  to  the  cylinder,  the  numbers  on  which  are  visible  simultaneously 
with  the  figures  produced  by  the  vibrating  slit.  This  may  be  of  some 
advantage  when  it  is  necessary  to  observe  rapid  changes  of  velocity.  By 
drawing  circles  round  the  cylinder  corresponding  to  the  divisions  of  the 
scale,  «iy  possible  error  from  slight  shifting  of  the  scale  i^  obviated.  With 
this  arrangement  it  is  not  even  necessary  that  the  reed  or  tuning-fork 
should  be  near  the  rotating  cylinder ;  for  if  the  slit  is  placed  at  the  focus 
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of  the  object-glass  of  a  telescope  the  obserrations  can  be  made  from  a 
considerable  distance ;  this  may  be  useful  when  a  shaft  in  an  inaccessible 
situation  is  the  subject  of  experiment. 

It  seemed  advisable  to  determine  the  effect  of  alterations  of  temperature 
on  the  period  of  the  fork,  which  might  be  so  great  as  to  render  some  cor- 
rection necessary.  For  this  purpose  two  equal  forks  provided  with 
mirrors,  and  making  about  60  vibrations  a  second,  were  enclosed  in 
wooden  boxes  containing  thermometers,  which  wero  placed  between  the 
prongs.  One  of  the  forks  was  fixed  in  a  vertical  position  and  the  other 
horizontally,  the  box  containing  the  latter  having  its  lower  side  roplaeed 
by  two  pieces  of  sheet  zinc,  separated  by  a  layer  of  air  about  half  an  inch 
in  thickness.  By  the  flame  of  a  small  gas-burner  the  temperature  of  the 
air  in  the  box  could  be  raised  to  about  60*^  C.  At  the  side  of  each  box 
was  a  hole  opposite  to  the  mirror,  and  closed  by  a  plate  of  glass.  The 
lissajous'  figure  obtained  by  the  reflection  of  a  point  of  light  in  the  two 
mirrors  was  observed  in  a  small  telescope ;  and  the  time  required  for  the 
passage  of  the  figure  through  a  whole  cycle  was  determined  when  the 
thermometers  indicated  different  temperatures.  Thero  was  some  doubt 
whether  the  thermometers  gave  a  true  indication  of  the  temperatures  of 
the  forks ;  but  in  the  series  of  experiments  giving  the  most  concordant 
results  the  heat  was  applied  near  one  end  of  the  box,  and  at  the  greatest 
possible  distance  from  the  thermometer,  in  order  to  set  up  convection 
currents  to  equalize  the  temperature  of  the  air  and  fork  as  completely  as 
possible.  It  would  be  no  doubt  preferable  to  introduce  into  each  box  a 
small  fan  to  keep  the  air  in  continuous  motion ;  in  all  cases  the  tem- 
perature was  changed  very  slowly,  and  a  considerable  time  allowed  to 
elapse  between  two  observations.  In  the  last  series  of  nine  observations 
the  differences  between  the  temperatures  of  the  two  forks  varied  from 
9^  to  27°  C,  and  from  the  observed  results  the  increase  of  the  period  of 
the  heated  fork  for  1°  C.  was  calculated.  The  mean  loss  per  minute  for 
1°  C.  amounted  to  *4013  vibration  in  3600 ;  the  minimum  number  being 
•3921,  and  the  maximum  '4043.  That  is  to  say,  a  fork  giving  3600  vibra- 
tions a  minute  at  the  ordinary  temperature,  would  give  3599*6  when  the 
temperature  is  raised  1® — a  loss  of  about  'Oil  per  cent.  So  that  if  a 
determination  of  velocity  were  made  at  a  temperature  20°  above  that  at 
which  the  fork  is  giving  exactly  3600  vibrations  per  minute,  a  correction 
of  '22  per  cent,  would  have  to  be  deducted  from  the  number  obtained. 

There  is  some  difficulty  in  determining  the  exact  number  of  vibrations 
of  a  large  fork ;  the  difficulty,  however,  disappears  when  a  graduated 
cylinder  or  disk  is  driven  with  a  constant  velocity,  and  the  number  of 
vibrations  per  second  calculated  from  the  form  of  the  figure  produced  by 
the  fork.  This  method  has  been  employed  with  the  forks  at  present  in 
use,  and  by  proper  arrangements  it  can  be  applied  to  the  determination 
of  the  numbers  of  vibrations  produced  by  musical  forks ;  but  up  to  the 
present  we  have  failed  in  producing  by  means  of  clock-work  a  rotation 
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which  is  sufficiently  constant,  our  most  successful  results  having  been 
obtained  with  a  six-horse  power  Ck)rliss  engine,  with  a  heavy  fly-wheel,  in 
the  workshop  of  the  College. 

Some  experiments  which  promise  well  have  been  made  with  rotating 
disks  on  the  principle  of  the  thaumatrope.  By  using  a  rotating  disk 
with  slits,  and  viewing  through  them  another  disk  on  which  appropriate 
£gures  or  symbols  are  marked,  the  velocity  of  one  can  be  determined  if 
that  of  the  other  is  known.  This  principle  may  possibly  be  applied  with 
advantage  to  determine  the  relative  velocity  of  two  machines,  such  as  the 
twin  screws  of  ships. 

Without  pretending  that  the  method  described  in  this  paper  for  deter- 
mining the  velocity  of  rotation  will  be  useful  on  an  extensive  scale,  we 
hope  that  it  may  be  applicable  in  some  cases  of  investigation  where 
accurate  observations  can  be  rapidly  made  without  any  complex  apparatus 
or  difficult  manipulation.  It  has  the  advantage  that  it  can  be  applied 
directly  to  a  machine  without  the  intervention  of  any  gearing,  the  mere 
attaching  of  a  piece  of  paper  to  a  shaft  being  all  that  is  necessary.  It 
cannot,  by  giving  the  machine  more  work  to  do,  produce  any  effect  on 
its  rate ;  and  by  the  impossibility  of  slip,  it  must  give  accurate  results  if 
the  paper  is  properly  mounted  in  the  first  instance  and  the  observations 
are  properly  made. 

Being  an  optical  method  for  investigating  rotation,  we  suggest  cyclo* 
scope  as  a  name  for  the  instrument. 


April  2Q,\«77. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read  : — 

1.  "On  the  Nature  and  Origin  of  the  Beds  of  Chert  in  the 
Upper  Carboniferous  Limestones  of  Ireland/'  By  Prof. 
Edward  Hull,  M.A.,  F.R.S.,  Director  of  the  Geological 
Survey  of  Ireland.  With  "  Chemical  Notes,''  by  E.  T.  Hard- 
man,  F.C.S.,  of  the  Geological  Survey  of  Ireland,  Received 
March  16,  1877. 

(Abstract.) 

After  reviewing  what  had  been  published  by  previous  authors  on  the 
origin  of  chert-beds,  and  showing  that  much  remained  to  be  done  in  this 
department  of  petrology,  the  author  proceeded  to  describe  the  geological 
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position  of  the  principal  cherty  cone  of  the  Carboniferous  Limestone  of 
Ireland,  showing  that,  while  bands  of  chert  occur  at  intervals  through- 
out this  formation,  the  highest  beds  immediately  under  "  The  Toredale 
8hales''  are  especially  rich  in  chert,  and  are  frequently  entirely  replaced 
by  this  mineral.  In  these  beds  coralline,  crinoidal,  and  other  marine 
forms  were  frequently  to  be  recognized  by  the  naked  eye.  Thin  slices 
for  microscopic  examination,  taken  from  various  localities,  extending  from 
Sligo  to  Carlow,  also  showed  that  even  the  most  dense  and  compact 
masses  of  chert  exhibit,  under  favourable  circumstances,  forms  belong- 
ing to  those  marine  animals  (such  as  corals,  crinoids,  foraminifera, 
and  occasionally  mollusks)  which  build  their  shells  or  skeletons  of 
carbonate  of  lime  rather  than  of  silica.  The  siliceous  paste  in  which 
these  forms  are  enclosed  was  found  to  be  in  a  gelatinous  state ;  and  the 
forms  were  only  to  be  distinguished  by  difference  in  depth  of  shade  from 
the  paste,  the  shells  or-  skeletons  having  disappeared.'  The  chemical 
analyses  of  these  specimens  by  Mr.  B.  T.  Hardman,  F.C.S.,  tended  to 
show  that  the  chert-beds  contain  various  proportions  of  carbonate  of  lime 
as  well  as  other  minerals,  so  that  a  gradation  from  siliceous  limestone 
into  pure  chert  might  be  traced. 

From  a  review  of  the  whole  circumstances,  it  appeared  that  the  origin 
of  the  chert-beds  was  to  be  attributed  to  the  replacement  of  the  original 
limestone  or  calcareous  "ooze,"  due  to  organic  agency,  by  silica,  and  that 
the  rock  is  truly  a  pseudomorph,  a  view  held  by  several  observers. 

The  manner  in  which  this  replacement  had  been  brought  about  was 
then  touched  upon.  It  was  shown  that  there  was  reason  for  believing 
that  at  the  close  of  the  period  during  which  the  Carboniferous  Limestone 
was  formed  over  the  area  of  Central  Ireland,  the  sea-bed  was  elevated, 
so  as  to  be  covered  by  the  waters  of  a  shallow  sea,  exposed  to  the  sun's 
rays,  and  of  a  warmer  temperature  than  when  at  a  greater  depth.  The 
waters  appear  to  have  been  charged  with  a  more  than  usual  supply  of 
silica  in  solution,  derived  (as  Mr.  Ilardman  suggests)  from  the  sur- 
rounding lands,  formed,  for  the  most  part,  of  highly  siliceous  materials. 
As  silica  is  less  soluble  than  carbonate  of  lime,  chemical  replacement 
would  naturally  take  place,  the  carbonate  of  lime  being  dissolved  out 
and  its  phwe  taken  by  the  silica.  The  warm  condition  of  the  sea-water, 
its  exposure  to  sunlight,  the  porous  character  of  the  coralline,  crinoidal, 
and  other  forms,  and  the  soft  and  ''oozy"  condition  of  the  foraminiferal 
mud  would  give  easy  access  to  the  sea-waters,  and  a  process  of  silicifi- 
cation  would  take  place  analogous  to  that  described  by  Dr.  Martin 
Duncan,  F.E.S.,  as  having  occurred  in  the  West  Indies. 

The  paper  was  accompanied  by  chemical  analyses  and  photographic 
figures  of  some  of  the  thin  slices,  slightly  magnified. 
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n.  '^  Researclies  on  Emeralds  and  Beryls. — Part  II.  On  some 
of  the  Processes  employed  in  the  Analysis  of  Emeralds  and 
Beryls/'  By  Grevillb  Williams,  F.R.S.  Received  April  5, 
1877. 

While  analyzing  the  beryl  "  A  "  from  Ireland,  frequently  mentioned 
in  the  first  part  of  this  investigation*,  so  many  unexpected  phenomena 
presented  themselves  that  it  was  found  necessary  to  study  carefully  all 
the  processes  which  have  been  published  for  the  separation  of  glucina 
from  alumina.  On  consulting  the  numerous  papers  on  the  subject, 
it  became  apparent  that  a  wide  difference  of  opinion  existed  among 
chemists  as  to  the  best  method  of  working.  Among  the  eleven  or  twelve 
methods  which  have  been  proposed  for  the  purpose,  there  are  three 
which  have  been  especially  employed  in  the  most  important  researches. 
I  place  these  below,  and  under  each  heading  will  be  found  the  names  of 
some  of  the  chemists  who  have  used  the  process,  the  first  in  each  case 
being  that  of  the  inventor. 

Carbonate  of  ammonium.        Hjdrate  of  potaaaium.      Chloride  of  ammonium. 

Vauquelin . .  1798.      Vauquelin 1798.      Berzelius . .  1812. 

Klaproth  . .  1801.      G.  O.  Gmelin. .  1840.      Weeren   . .  1854. 

Lewy 1857.      Awdejew    ....  1843. 

Hofmeister .  1859.      Damour 1843. 

Ebelmen 1848. 

The  {(lowing  pages  are  devoted  to  a  study  of  the  first  of  these,  namely, 
the  carbonate-of-ammonium  process. 

The  first  chemist  to  take  advantage  of  the  solubility  of  gludna  in 
carbonate  of  ammonium,  as  a  means  of  separating  it  from  alumina,  was 
Yanquelin,  who,  in  his  earliest  memoir  on  the  beryl,  in  which  he  an- 
noonces  the  discovery  of  glucina  t,  mentions  the  fact  of  ita  solubility  in 
a  solution  of  carbonate  of  ammonium ;  but  at  that  time  he  separated  the 
two  earths  by  converting  the  alumina  into  alum  and  removing  the  latter 
by  crystallisation.  The  smidl  proportion  of  alumina  remaining  was 
separated  by  taking  advantage  of  its  solubility  in  a  solution  of  hydrate 
of  potassium  even  when  heated,  whereas,  under  these  circumstances, 
glneina  is  precipitated — Vauquelin  thus  distinctly  being  the  first  to  use 
the  process  now  called  Gmelin's.  In  Yauquelin's  second  memoir,  pub- 
lished in  the  same  volume  of  the  ^  Annales  de  Chimie,'  he  employed  car- 
bonate of  ammonium  for  the  purpose  of  separating  the  two  earths.  The 
various  chemists  who  followed  this  process  for  many  years  after  Yau- 
quelin's time  appear  to  have  used  it  in  its  simplest  form,  the  directions 

*  Proc.  Eoyal  Society,  No.  145.  1873. 

t  Ann.  de  Ch.  xxyi  1798.    The  name  of  this  journal  has  since  been  modified. 
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given  by  Hose*  (whose  name  is  generally,  but  incorrectly,  given  to  the 
method)  being  merely  to  use  a  sufficiently  large  quantity  of  the  carbo- 
nate. He  admits  that  a  little  alumina  is  dissolved  at  the  same  time. 
Wohlert  directs  the  solution  of  the  two  earths  to  be  dropped  very 
gradually  with  coustant  stirring  into  an  excess  of  a  warm  concentrated 
solution  of  carbonate  of  ammonium,  which  precipitates  the  alumina 
and  dissolves  the  glucina. 

That  one  extraction  with  carbonate  of  ammonium  is  quite  insufficient 
will  be  seen  from  the  following  experiments  and  considerations. 

The  mixed  earths  (glucina  and  alumina)  from  2*3217  grammes  of  the 
beryl  A  were  precipitated  by  ammonium  hydrate  and  ammonium  sulphide, 
and  allowed  to  stand  all  night  in  a  large  excess  of  carbonate  of  ammo- 
nium ;  the  resulting  glucina  weighed  0*1806  gramme,  or  only  7*78  per 
cent,  on  the  beryl,  whereas  three  more  extractions  raised  the  percentage 
of  glucina  to  11*55  J. 

Again,  a  mixture  was  taken  of  0*2640  gramme  of  glucina  and  0*8520 
of  alumina,  the  percentage  being : — 

Alumina 76*34 

Glucina 23*66 


100*00 

The  mixture  was  dissolved  in  hydrochloric  acid,  neutralized  with  car- 
bonate of  ammonium,  and  digested  for  twenty-four  hours  with 
95  cub.  centims.  of  a  saturated  solution  of  carbonate  of  ammonium 
(sp.  gr.  1*080  at  15°  C),  or  8*5  cub.  centims.  for  each  decigramme  of  the 
mixed  earths.  On  acidifying  the  filtered  solution  with  hydrochloric  acid, 
and  precipitating  with  ammonium  hydrate  and  ammonium  sulphide,  only 
12*75  per  cent,  of  glucina  was  obtained  instead  of  23*66. 

But  it  might  be  said  that  the  deficiency  in  the  glucina  in  the  experi- 
ment quoted  arose  from  the  use  of  an  insufficient  quantity  of  carbonate- 
of-ammonium  solution.  To  settle  this  point  definitely  the  following 
experiments  were  made : — 

Experiment  I. — 0*1960  gramme  of  glucina  and  0*1812  gramme  of 
almnina  were  dissolved  in  hydrochloric  add,  neutralized  by  ammonia,  and 
treated  with  100  cub.  centims.  of  carbonate-of-ammonium  solution.  This 
is  at  the  rate  of  about  27  cub.  centims.  for  each  decigramme  of  the  mixed 
earths.  A  temperature  of  65°  C.  was  kept  up  for  five  and  a  half  hours, 
the  exit-tube  of  the  flask  being  closed  with  a  mercurial  valve.  It  was 
found  that  a  pressure  of  three  inches  of  mercury  was  sufficient  to  prevent 
the  escape  of  vapour  at  the  temperature  stated.     The  solution  was 

*  Rose's  Ohem.  AnaL    Translated  by  Normandy,  it  p.  58.    1849. 

t  Handbook  of  Inorganic  Analysis,  1854. 

X  I  have  much  pleasure  in  aclmowledging  the  skill  and  accuracy  with  which  tome  of 
these  fractional  extractions  were  performed  by  my  friend  Mr.  Bapha«l  Mddola,  who 
was  my  aiiiri^tant  at  that  time. 
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allowed  to  stand  in  the  cold  for  fifteen  hours  longer,  and  was  then 
filtered.  The  alumina,  after  being  well  washed,  dried,  and  ignited, 
weighed  0*2089  gramme. 

Composition  of  Found  after  one  extraction 

mixture.  at  66°  C. 

Glucina  ..51*96 

Alumina..  4804     65-38 


100-00 
or  7*34  per  cent,  in  excess. 

It  was  now  determined  to  make  one  more  experiment  with  double  the 
quantity  of  carbonate  of  ammonium  used  in  the  last  experiment. 

Experiment  II. — 0*1945  gramme  of  glucina  and  0*1862  gramme  of 
alumina  were  dissolved  and  treated  in  the  cold  for  twenty  hours  with 
200  cub.  centims.  of  the  carbonate-of-ammonium  solution.  This  was  at 
the  rate  of  52  cub.  centims.  for  each  decigramme  of  the  mixed  earths. 

Ck>mpontion  of  Found  after 

mixture.                              one  extraction. 
Glucina  ..51*09 
Alumina  .  .48*91     55*69 


100*00 
or  6*78  per  cent,  in  excess. 

It  is  not  surprising,  therefore,  after  seeing  the  results  of  one  extrac- 
tion under  such  varied  conditions,  that  Damour*,  who  tried  the  carbonate* 
o£-ammonium  process  in  its  original  form,  in  his  important  investigation 
of  chrysoberyl,  rejected  it  in  favour  of  Gmelin's  process,  on  the  ground 
that  it  failed  to  extract  more  than  12  out  of  the  19*75  per  cent,  of 
glucina  contained  in  that  mineral.  Damour,  however,  obtained  more 
than  1  per  cent,  less  glucina  in  proportion  than  was  obtained  in  the 
first  experiment  quoted  above.  The  two  results  are,  nevertheless, 
remarkably  dose,  and  confirm  the  assertion  that  one  treatment  with 
carbonate  of  ammonium  conducted  in  the  manner  described  is  quite 
inadequate  to  extract  all  the  glucina  from  a  mixture  of  the  two  earths. 

Joy  t,  in  opposition  to  Damour,  condemns  Gmelin's  process  as  giving 
in  his  hands  too  low  a  percentage  of  glucina  in  spite  of  every  precaution. 
Weerentt  who  followed  Berzelius's  method,  condemns  the  carbonate-of- 
ammonium  process  on  exactly  the  opposite  ground  to  Damour,  namely, 
because  although  alumina  per  se  is,  he  says,  insoluble  in  carbonate  of 
ammonium,  it  is  soluble  in  the  presence  of  glucina,  and  thus  gives  too 
high  a  number  for  the  latter.    I  admit  that  alumina,  under  certain  dr- 

♦  Ann.  Oh.  Phyg.  [3]  vii.  p.  173  (1843). 

t  American  Journal  of  Science  and  Arte,  xzzri.  p.  83  (1863).  This  interesting 
paper  contains  an  invaluable  list  of  memoirs  on  all  subjects  connected  with  the 
minerals  which  contain  glucina. 

X  Fogg.  Ann.  xcii  p.  91  (1854), 
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oumstances,  dissolyes  in  presence  of  glucina ;  but  I  shall  show  farther 
on  that  the  fact  does  not  prevent  fairly  accurate  results  being  obtained 
if  certain  precautions  be  observed.  This  tendency  of  the  earths,  when 
mixed,  to  modify  each  other's  reactions  is  seen  idso  in  their  behaviour 
with  carbonate  of  barium.  I  have,  however,  never  found  the  carbonate- 
of-ammonium  process  to  give  too  high  a  number  for  the  glucina,  for 
reasons  which  are  fully  discussed  further  on. 

Hofmeister  *,  who  has  made  more  important  and  elaborate  observa- 
tions on  the  carbonate-of-ammonium  process  than  any  other  chemist, 
condemns  Gmelin's  process  on  the  ground  that  in  the  treatment  with 
potassium  hydrate  alumina  accompanies  the  gludnat.  He  also  endorses 
the  statement  of  Weeren  and  others,  that  alumina  is  soluble  in  carbo- 
nate of  ammonium  in  presence  of  glucina,  but  shows  that  this  circum- 
stance is  not  fatal  to  the  process  if  a  systematic  fractional  treatment  is 
employed, 

Hofmeister  admits  that  his  method  is  not  easy  to  describe ;  and,  in 
fact,  it  is  so  operose  that  the  reader  must  be  referred  to  the  original 
memoir  for  the  details.  There  can  be  no  doubt  that  when  carefully 
followed  it  affords  reliable  results.  I  shall  endeavour  to  show  further 
on  that  the  carbonate-of-ammonium  process  is  capable  of  yielding 
accurate  numbers  when  employed  in  a  simpler  manner. 

From  what  has  been  said,  it  will  readily  be  seen  that  the  two  processes 
I  have  alluded  to  are  condemned  by  different  experimenters  on  diame- 
trically opposite  grounds ;  and  it  seems  to  me  that,  as  is  usually  the  case 
under  such  circumstances,  the  whole  question  resolves  itself  into  one  of 
manipulation.  This  being  assumed,  it  became  necessary  (in  order  to 
ascertain  the  causes  of  the  conflicting  statements  of  the  numerous 
chemists  who  have  subjected  emeralds  and  beryls  to  analysis)  to  make  a 
rigorous  examination  of  the  behaviour  of  glucina  with  solution  of  car- 
bonate of  ammonium.  This  has  entailed  much  work,  as  I  have  taken 
most  of  the  statements  of  the  chemists  who  have  worked  on  the  subject 
and  examined  them  carefully  and  repeatedly  by  experiment. 

The  following  are  the  principal  questions  or  problems  which  I  have 
endeavoured  to  solve : — 

1.  Is  ^adba  permanently  soluble  in  a  solution  of  carbonate  of  am- 

monium? 

2.  Does  glucina  confer  its  solubility  on  alumina?  of  does  fUomina 

confer  its  insolubility  on  glucina  ? 

3.  With  what  amount  of   accuracy  can  a  mixtnro  of  glucina  and 

alumina  be  separated  by  means  of  carbonate  of  ammonium  ? 

4.  How  do  solutions  of  glucina  and  alumina  behave  with  carbonate  of 

barium? 

*  Joum.  fur  prakt.  Chem.  Ixxfi.  p.  1. 
t  I  have  confirmed  this  obflerratiojL 
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1.  Is  GluetnapermanaUly  soluhh  in  a  solution  of  Carbonate  of  Ammonium  ? 

This  question  is  of  paramount  importance,  because  if  glucina  once 
dissolyed  in  carbonate  of  ammonium  is  liable  to  assume  an  insoluble  con- 
dition and  separate  from  the  solution,  it  introduces  a  complication  into 
the  process,  the  effect  of  which  it  is  diflScult  to  estimate.  The  onlj 
chemist,  as  far  as  I  am  aware,  who  asserts  that  glucina  separates  out 
under  the  circumstances  named  is  Joy*,  who  states  that  "  If  the  solu- 
tion be  kept  longer  than  ten  days  a  precipitate  of  carbonate  of  glucina 
win  begin  to  form,  and  at  the  expiration  of  sixteen  days  15  per  cent, 
less  of  the  original  amount  will  go  (sic)  into  solution.'*  This  assertion 
of  Joy's  caused  me  some  perplexity  at  first,  as  I  had  during  many  years 
repeatedly  dissolved  glucina  in  solution  of  carbonate  of  ammonium,  but 
I  had  never  observed  a  deposit  to  take  place  unless  I  had  reason  to  sus- 
pect the  presence  of  alumina,  I  therefore  resolved  to  submit  pure  glucina 
and  mixtures  of  that  earth  with  alumina  to  repeated  quantitative  ex- 
periments, with  the  view  of  deciding  the  question. 

Experiment  I. — 0*6943  gramme  of  glucina,  which  had  already  been 
partially  purified  by  solution  in  carbonate  of  ammonium,  was  dissolved 
in  hydrochloric  acid ;  ammonium  hydrate  was  then  dropped  in  until  the 
solution  was  very  nearly  neutral,  and  138  cub.  centims.  of  solution  of 
carbonate  of  ammonium  were  added  t.  At  first  nearly  every  thing  was 
dissolved,  but  a  precipitate  soon  commenced  to  form.  This  is  quite 
characteristic  of  the  presence  of  alumina.  The  solution  was  filtered  next 
day,  and  the  precipitate  was  collected,  washed,  dried,  and  burnt  with  all 
the  usual  precautions.  The  weight  of  the  alumina  was  0-0058  gramme, 
or  0-84  per  cent,  on  the  glucina  taken.  The  solution  was  put  aside  in  a 
well-stoppered  bottle,  as  I  intended  to  filter  it  in  sixteen  days ;  but  as 
much  more  than  that  time  passed  without  a  precipitate  forming,  it  was 
put  carefully  away  for  three  years.  At  the  end  of  this  time  the  bottle, 
oa  being  shaken,  showed  a  barely  perceptible  trace  of  deposit ;  neverthe- 
less it  was  filtered  off  with  every  precaution  and  was  found  to  weigh 
0-0038  gramme,  or  0-55  per  cent. ;  and  this  was  probably  partly  alumina 
and  partly  silicate,  arising  from  a  slight  decomposition  which  had  taken 
place  of  the  glass  of  the  bottle. 

Experiment  U. — 0*2140  gramme  of  the  glucina  which  had  remained 
three  years  in  solution  was  next  experimented  bn.  Th^  earth  was  dis- 
solved and  treated  as  before  with  50  cub.  centims.  of  carbonate-of-ammo- 
niiun  solution.  In  ten  minutes  after  being  well  agitated  all  but  a  few 
imponderable  flocks  were  dissolved.  In  fifty  minutes  they  were  scarcely 
visible.  Two  days  after,  they  had  totally  disappeared.  In  16  days,  the 
period  at  which  Joy  says  15  per  cent,  less  of  the  glucina  will  remain  in 
solution,  the  liquid  was  filtered  and  yielded  0*0023  gramme  of  precipi- 

♦  Loc,  dt.  p.  89. 

t  The  solution  of  carbonate  of  ammoniunr  used  in  these  experiments  was  always 
of  the  same  strength,  i,  e.  a  cold  saturated  solution,  sp.  gr.  1'080, 
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tate,  or  1*07  per  cent.,  a  qoantitj  which  might  partly  arise  from  in- 
sufficient washing,  partly  from  a  variation  from  the  mean  weight  in  the 
filter  ash,  and  also  from  a  trace  of  alumina. 

Experiment  HI. — 0*1603  gramme  of  glucina,  known  to  contain  a  little 
alumina,  was  dissolved  in  hydrochloric  acid,  neutralized  as  usual,  and 
treated  with  50  cub.  centims.  of  solution  of  carbonate  of  ammonium.  The 
residue  of  alumina  weighed  0*0071.  In  two  days  0*0067  gramme  more 
was  obtained.  On  filtering  16  days  afterwards  only  0*0017  gramme, 
or  1*06  per  cent.,  was  obtained.  In  one  year  after  that  time  the  solu- 
tion was  again  filtered,  the  deposit  weighed  0'0012  gramme,  or 
0*75  per  cent.,  being  only  one  third  of  the  weight  of  the  ash  of  one 
filter  paper. 

Experiment  TV, — 0*3846  gramme  of  pure  glucina  was  treated  in  the 
usual  manner  with  80  cub.  centims.  of  carbonate-of-ammonium  solution. 
The  whole  dissolved  perfectly  in  a  few  minutes.  The  solution  was  kept 
for  three  weeks  and  then  filtered.  The  precipitate  weighed  0*0003  gramme, 
or  0*08  per  cent.,  after  deducting  the  filter  ash.  If  it  were  necessary 
these  examples  could  be  multiplied ;  but  they  seem  amply  sufficient  to 
enable  an  answer  to  be  given  to  the  question  at  the  head  of  this  section. 
We  may  therefore  affirm  unhesitatingly  that  one  decigramme  of  pure 
glucina  is  permanently  soluble  in  25  cub.  centime,  of  a  saturated  solution  of 
carbonate  of  ammonium. 

It  was  necessary,  in  order  to  make  these  experiments  complete,  to 
ascertain  whether  great  variations  in  temperature  influenced  the  solubility 
of  glucina  in  solution  of  carbonate  of  ammonium.  That  glucina  was 
permanently  soluble  at  about  15®  C.  there  remained  no  doubt ;  but  there 
might  still  be  a  tendency  in  glucina  to  assume  an  insoluble  form  at  higher 
temperatures.  To  determine  this  question  it  was  essential  to  use  a  tem- 
perature many  degrees  higher  than  that  ever  reached  by  the  atmosphere. 
For  this  purpose  4  decigrammes  of  pure  glucina  were  dissolved  in  the 
usual  way  in  100  cub.  centims.  of  solution  of  carbonate  of  ammonium. 
15  cub.  centims.  of  this  solution  were  transferred  to  a  glass  tube,  which 
was  then  sealed  and  heated  to  100°  for  two  days.  The  solution  remained 
perfectly  clear. 

2.  Does  Olueina  confer  its  soluhtlitg  on  Alumina  ?  or  does  Alumina 
confer  its  insolubility  on  Olueina  ? 

It  is  very  easy  to  come  to  an  erroneous  conclusion  on  this  point, 
because  if  a  mixture  of  the  two  earths  in  solution  of  carbonate  of  am- 
monium be  filtered  at  once  a  certain  amount  of  alumina  will,  in  that  case, 
pass  through  the  filter ;  but  it  settles  out  in  a  short  time,  and,  if  glucina 
be  present,  it  will  be  accompanied  by  some  of  that  earth. 

The  following  experiment  was  made  to  affix  a  quantitative  value  to 
the  amount  of  alumina  soluble  in  carbonate  of  ammonium  when  no 
glucina  was  present  to  influence  its  solubility. 
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0*5000  gramme  of  pure  alumina  was  dissolved  in  hjdrocbloric  acid 
and  precipitated  (after  neutralization  with  carbonate  of  ammonium)  with 
100  cub.  centims.  of  solution  of  the  carbonate.  The  whole  was  thrown 
on  a  filter  at  once.  The  contents  of  the  filter  were  washed,  dned,  and 
ignited.  The  alumina  which  had  precipitated  at  once  weighed  0*4702 
gramme.  The  filtrate,  on  standing  twenty-four  hours,  had  yielded  a 
deposit  weighing  0*0281  gramme.  These  numbers,  reduced  te  percentages, 
are  as  follows : — 

Alumina  precipitated  at  once 94*04 

,,        coming  down  afterwards . .     5*62 
Loss....       '34 


100*00 


It  was  considered  that  the  question  whether  glucina  confers  its  solu- 
bility on  alumina  would  be  best  answered  by  treating  with  carbonate  of 
ammonium  a  mixture  containing  a  great  excess  of  glucina. 

Experiment  I. — A  mixture  was  therefore  made  of  0*2500  gramme  of 
glucina  and  0*0250  gramme  of  alumina.  It  was  dissolved  in  hydro- 
chloric add,  and  the  excess  of  acid  was  removed  by  evaporation  ;  50  cub. 
centims.  of  carbonate-of-ammonium  solution  were  then  added.  The  pre- 
cipitate at  first  formed  entirely  redissolved  in  a  few  minutes,  but  the 
alumina  commenced  te  deposit  in  about  fifteen  minutes  afterwards.  The 
mixture  was  allowed  to  stand  for  twenty-four  hours  and  was  then 
filtered.  The  precipitate  of  alumina  contaming  glucina  weighed  0*0323 
gramme.  The  glucina  recovered  from  the  solution  weighed  0*2407 
gramme ;  or,  per  cent. : — 

Oompoeitioii  of  Found  after 

mixture.  one  extraction. 

Glucina  .  .90*91     87*53 

Alumina  . .  9*09     11*75 


100*00  99*28 

The  gludna,  although  in  such  great  excess,  had  therefore,  under  the 
circumstances  indicated,  not  conferred  ite  solubility  on  the  alumina ;  but, 
on  the  contrary,  the  alumina  had  conferred  ite  insolubility  on  the 
glucina. 

Experiment  11. — The  alumina  obtained  in  the  manner  described  was 
redissolved,  reprecipitated,  and  again  treated  with  25  cub.  centims.  of 
carbonate-of-ammonium  solution  for  twenty-four  hours.  The  glucina 
had  now  increased  to  0*2432,  and  the  alumina  diminished  to  0*0298« 
T^e  composition  of  the  mixture,  as  found  after  two  extractions,  was 
therefore  as  follows : — 


Digitized  by  VjOOQ IC 


'  172  Mr.  G.  Williams  on  Emeralds  and  Beryls.      [Apr.  26, 

Found  after  two  extraotiom. 

Glucina 88-44 

Alumina    10-84 


99-27 


After  two  extractions  the  alumina  therefore  still  retained  nearly  2  p^ 
cent,  of  glucina. 

Experiment  Ul, — ^Although  these  results  seemed  conclusiye  as  far  as 
they  went,  I  resolved  to  repeat  the  experiment  with  a  mixture  containing 
a  still  greater  excess  of  glucina,  because  it  appeared  especially  important 
in  an  inquiry  of  this  kind  to  know  the  behaviour  towards  a  solution  of 
carbonate  of  ammonium  of  glucina  containing  a  comparatively  small 
proportion  of  alumina.  For  this  purpose  a  mixture  was  taken  of 
1  gramme  of  glucina  and  3  centigranmies  of  alumina ;  it  was  dissolved  as 
usual,  precipitated  in  the  form  of  carbonates  of  the  earths,  and  treated  with 
100  cub.  centims.  of  solution  of  carbonate  of  ammonium.  The  earths  dis- 
solved entirely  at  first;  but,  small  as  the  quantity  of  alumina  was,  the  solu- 
tion began  to  get  turbid  in  about  ten  minutes.  The  mixture  was  left  in  the 
cold  for  twenty  hours.  The  residue  of  alumina  containing  glucina  was 
then  filtered  off,  treated  in  the  usual  manner,  and  weighed.  The  glucina 
recovered  from  the  solution  weighed  0*9846  gramme. 

Oomposition  of  Found  after 

mixture.  one  extraction. 

Glucina  ..97*09     95*59 

Alumina..  2*91     416 


100*00  99*75 

Alumina,  therefore,  even  when  mixed  with  glucina  to  the  small  extent 
of  3  per  cent.,  renders  some  of  the  latter  insoluble ;  this,  then,  is  a 
distinct  answer  to  the  question  at  the  head  of  the  section. 

3.  With  what  amount  ofaeeuracy  can  a  mixture  of  Olueina  and  Alumitia 
be  separated  by  means  of  Carbonate  of  Ammonium  ? 

The  fact  that  alumina  confers  its  insolubility  on  glucina  is  the  cause 
of  the  difficulties  that  have  been  found  in  the  separation  of  the  two 
earths.  We  have  seen  that,  under  the  conditions  indicated,  one  treat- 
ment with  carbonate  of  ammonium  is  insufficient  to  dissolve  the  glucina 
out  from  such  a  mixture.  I  wish,  however,  to  guard  myself  from  ap- 
pearing to  express  the  opinion  that  it  would  be  impossible,  by  a  modifi- 
cation of  the  process,  to  effect  the  separation  at  one  operation,  as,  in 
fact,  I  am  engaged  at  the  present  moment  in  an  attempt  to  solve  that 
problem. 

In  order  to  ascertain  the  number  of  times  that  it  would  be  necessary 
to  treat  the  insoluble  residue  with  carbonate  of  ammonium,  in  order  to 
extract  all  the  glucina,  the  following  experiments  were  made. 
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Experiment  I. — ^A  mixture  was  taken  of  0*5000  gramme  of  glucina 
and  the  same  amount  of  alumina;  after  three  treatments  for  forty-eight 
hours  each  with  carbouate  of  ammonium  the  following  results  were 
obtoined.     The  residue  of  alumina  weighed  0*5107  gramme. 

Ko.  of  extraoiions.  Glucina  obtained. 

1 0-3896 

11 00739 

III 00203 


0-4838 


Composition  of  Obtained  in  three 

mixture.  treatments. 

Glucina  ..5000     48-38 

Alumina..  50-00     51-07 

100-00  99-45 

Experiment  II. — ^Upon  a  similar  mixture  the  following  modification  of 
the  process  was  tried.  The  mixture  was  dissolved  in  hydrochloric  add, 
the  excess  of  acid  was  neutralized  with  ammonia,  and  200  cub.  centims. 
of  a  warm  solution  of  ammonium  carbonate  were  added.  The  solution 
was  stirred  bxiskly  for  fiye  minutes,  and  then  filtered  off  rapidly.  The 
precipitate  vtbs  only  washed  moderately  so  as  not  to  dilute  the  filtrate 
too  much.  The  filtrate  was  allowed  to  stand  for  twenty-four  hours,  the 
deposit  was  filtered  off,  added  to  the  first  residue,  dissolved  with  it  in 
hydrocWoric  add,  and  again  treated  twice  with  100  cub.  centims.  of 
carfoonate-of-ammonium  solution  in  the  cold  for  twenty-four  hours  each 
time.    The  alumina  weighed  0*5201  gramme. 

Ko.  of  extractions.  Glucina  obtained. 

1 0-4450 

n 0-0163 

in 00161 


0-4774 


Composition  of  Obtained  in  three 

mixture.  treatments. 

Gludna  ..50-00     47*74 

Alumina..  50-00     52*01 


100-00  99-75 

Experiment  HI. — ^A  mixture  was  then  prepared  of  0-2640  gramme  of 
glucina  and  0-8520  gramme  of  alumina.  It  was  dissolved  in  hydrochloric 
add,  neutralized  with  carbonate  of  ammonium,  and  digested  with 
95  cub.  centinas.  of  the  carbonate-of-ammonium  solution  for  twenty-four 
hoars ;  it  was  stirred  occasionally.  The  solution  was  then  filtered,  the 
residue  dissolved  in  hydrochloric  acid,  and,  after  neutralizing,  was  treated 
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with  100  cub.  oentims.  of  a  cold  solutioQ  of  carbonate  of  ammoniom,  and 
allowed  to  stand  twelve  hours.  The  glucina  was  separated  in  the  osoal 
manner.  This  mode  of  proceeding  was  repeated  seven  times,  with  the 
results  given  in  the  annexed  Table. 

Gludna  obtained 
No.  of  extraotioni.  (per  cent.). 

L 12-76 

II 3-24 

in.  .., 0-61 

IV 3-74 

V. 1-26 

VI 0-56 

Vn 113 

23-29 

Oompoeition  of  Obtained  in  leren 

mixture.  treatments. 

Gludna     23*66 23-29 

Alumina    76-34 

100-00 

The  alumina  was  not  estimated  in  this  experiment. 

The  answer,  then,  to  the  question  at  the  head  of  the  section  is,  that 
results  to  within  half  a  per  cent,  of  the  truth  can  be  obtained  by 
means  of  the  carbonate-of-ammonium  process  if  a  sufficient  number  of 
extractions  be  made. 

4.  Haw  do  solutions  of  Olucina  and  Alumina  behave  with  Carbonate 

of  Barium  ? 
As  it  frequently  happened,  during  my  analyses  of  emeralds  and  beryls, 
that  it  would  have  been  a  great  convenience  to  be  able  to  precipitate  the 
glucina,  alumina,  and  iron  together  by  means  of  carbonate  of  barium,  it 
became  necessary  to  examine  the  behaviour  of  the  two  earths  with  that  re- 
agent, especially  since,  as  happens  so  frequently  in  the  literature  relating  to 
glucina,  there  is  a  difference  of  opinion  among  chemists  upon  the  subject. 
Bose  *  states  that  solutions  of  glucina  are  not  precipitated  in  the  cold ; 
Fresenius  t  that  carbonate  of  barium  precipitates  glucina  completely  upon 
cold  digestion.  This  is  at  variance  with  the  observations  of  AwdejewJ, 
who  states  that  only  partial  precipitation  takes  place  in  the  cold,  but  that 
the  precipitation  is  almost  complete  on  boiling.  Joy  §  endorses  Weeren's 
statement,  that  both  glucina  and  alumina  are  precipitated,  but  does  not 
enter  into  details.     Ordway  ||  states  that  a  solution  of  nitrate  of  glucina 

*  Handb.  d.  chem.  Anal.  ii.  p.  61. 

t  Qualitative  Analysis,  8th  edit.  p.  103. 

X  Pogg.  Ann.  iTi.  p.  101. 

§  Loc,  cit, 

I  8iU.  Am.  J.  [2]  zxxi.  p.  197. 
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is  only  partially  precipitated  in  the  cold  by  carbonate  of  barium,  a  soluble 
basic  nitrate  remaining  in  solution,  but  that  the  precipitation  is  com- 
pleted on  boiling.  To  study  this  subject  quantitatively  I  made  the  fol- 
lowing experiments. 

Experiment  L — PrecipitiUion  of  Alumina  in  the  eold  by  OarboncUe 
of  Barium, 
0*8034  gramme  of  pure  alumina  was  dissolved  in  hydrochloric  add. 
The  solution  was  nearly  neutralized  with  carbonate  of  sodium,  and  an 
excess  of  carbonate  of  iNuium,  made  into  a  cream  with  water,  was  added. 
After  standing  twelve  hours  the  precipitate  was  collected,  washed  and 
dissolved  in  hydrochloric  add.  The  solution  was  then  boiled  and  pred- 
pitated  with  an  excess  of  sulphuric  add.  The  sulphate  of  barium  was 
filtered  off  with  the  usual  precautions,  and  the  filtrate  was  predpitated 
by  ammonia.  The  predpitate  was  thorou^ly  washed,  dried,  and  ignited ; 
it  weighed  0*8005  gramme,  or  99*64  per  cent,  on  the  original  alumina. 
Alumina  is  tiierefore  completely  predpitated  in  the  cold  by  carbonate  of 
barium. 

Experiment  II, — Precipitation  of  Oludna  in  the  cold  by  Carbonate 
of  Barium. 

0*5175  gramme  of  pure  gludna  were  dissolved  in  hydrochloric  add, 
and  treated  precisely  as  the  alumina  had  been  in  the  last  experiment. 
The  predpitate  weighed  0*1070  gramme,  or  20*68  per  cent,  on  the  original 
gludna.  This  result,  therefore,  confirms  the  observation  of  Awdejew, 
that  gludna  is  only  imperfectly  predpitated  by  carbonate  of  barium  in 
the  cold,  and,  under  the  circumstances  indicated,  behaves  like  the  nitrate 
in  Ordwa/s  experiments. 

Experiment  UL, — Precipitation  of  a  mixture  of  Oludna  and  Alumina 
in  the  cold  by  Carbonate  of  Barium, 

0*2096  gramme  of  pure  alumina  and  0*2055  of  pure  gludna  were  dis- 
solved in  hydrochloric  add  and  treated  precisely  like  the  alumina  in  Ex- 
periment I.  The  predpitate  of  the  mixed  eartiis  weighed  0*3874  gramme, 
or  93*33  per  cent,  on  the  original  weight.  Alumina,  therefore,  in  this 
case,  as  in  the  experim^its  with  carbonate  of  ammonium,  communicates 
much  of  its  insolubility  to  the  gludna. 

Assuming  only  the  portion  predpitated  by  carbonate  of  barium  to  be 
accounted  for  in  the  analysis  of  a  beryl  containing  28*89  per  cent,  of  the 
mixed  earths,  only  26*96  would  be  obtained,  the  loss  being  6*67  per  cent., 
which,  as  we  have  seen,  would  fall  chiefly  upon  the  gludna,  if  the  opera- 
tion were  conducted  in  the  cold.  This  loss  is,  however,  variable,  and 
appears  to  depend,  to  some  extent,  upon  the  relative  proportions  of  the 
two  earths. 

VOL.  ixvi.  y 
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in.  "  On  Repulsion  resulting  from  Radiation. — Preliminary  Note 
on  the  Otheoscope.'^  By  William  Crookes^  F.R.S.  &c.  Re- 
ceived April  23,  1877. 

I  commuiiicated  to  the  Royal  Society  in  November  last  an  accoimt  of 
some  radiometers  which  I  had  made  with  the  object  of  putting  to 
experimental  proof  the  "molecular  pressure"  theory  of  the  repulsion 
resulting  from  radiation.  Continuing  these  researches,  I  have  constructed 
other  instruments,  in  which  a  movable  fly  is  caused  to  rotate  by  the 
molecular  pressure  generated  on  fixed  parts  of  the  apparatus. 

In  the  radiometer,  tbe  surface  which  produces  tbe  molecular  distor- 
bance  is  mounted  on  a  fly,  and  is  driven  backwards  by  the  excess  of 
pressure  between  it  and  the  sides  of  the  containing  vessel.  Regarding 
the  radiometer  as  a  heat-engine,  it  is  seen  to  be  imperfect  in  many  re- 
spects. The  black  or  driving  surface,  corresponding  to  the  heater  of  the 
engine,  being  also  part  of  the  moving  fly,  is  restricted  as  to  weight, 
material,  and  area  of  surface.  It  must  be  of  the  lightest  possible  con- 
struction, or  friction  will  greatly  interfere  with  its  movement;  it  must 
not  expose  much  surface,  or  it  will  be  too  heavy ;  and  it  must  be  a  very 
bad  conductor  of  heat,  so  as  to  retain  the  excess  of  pressure  on  one  side. 
Again,  the  part  corresponding  to  the  cooler  of  the  engine  (the  side  of 
the  glass  bulb)  admits  of  but  little  modification.  It  must  almost  neces- 
sarily be  of  glass,  by  no  means  the  best  material  for  the  purpose ;  it  is 
obliged  to  be  of  one  particular  shape ;  and  it  cannot  be  brought  very  near 
the  driving  surface. 

A  perfect  instrument  would  be  one  in  which  the  heater  was  stationary ; 
it  might  then  be  of  the  most  suitable  material,  of  sufficient  area  of  surface, 
and  of  the  most  efficient  shape,  irrespective  of  weight.  The  cooler  should 
be  the  part  which  moves ;  it  should  be  as  close  as  possible  to  the  heater, 
and  of  the  best  size,  shape,  and  weight  for  utilizing  the  force  impinging 
on  it.  By  having  the  driving  surface  of  large  size,  and  making  it  of  a 
good  conductor  of  heat,  such  as  silver,  gold,  or  copper,  a  very  faint  amount 
of  incident  radiation  suffices  to  produce  motion.  The  black  sur&ce  acts  as 
•if  a  molecular*  wind  were  blowing  from  it,  principally  in  a  direction 
normal  to  the  surface.  This  wind  blows  away  whatever  easily  movable 
body  happens  to  be  in  front  of  it,  irrespective  of  colour,  shape,  or  material ; 
and  in  its  capability  of  deflection  from  one  surface  to  another,  its  arrest 
t>y  solid  bodies,  and  its  tangential  action,  it  behaves  in  most  respects  Uke 
an  actual  wind. 

Whilst  the  radiometer  admits  of  but  few  modifications,  such  an  instm- 

*  Molecular,  not  molar.  There  is  no  wind  in  the  senae  of  an  actual  tranafereDoe  of 
air  from  one  place  to  another.  This  molecular  movement  may  be  compared  to  tha 
morement  of  tlie  gases  when  water  ia  deoomposd  by  an  electric  current.  In  the  water 
connecting  the  two  poles  there  is  no  apparent  movement,  although  eight  timet  as  much 
matter  is  passing  one  way  as  the  other. 


Digitized  by  VjOOQ IC 


1877.]  Mr.  W.  Crookes  an  the  Otheoicope.  177 

meiit  as  ihe  one  here  sketched  out  is  capable  of  an  ahnost  endless  yarietj 
of  forms ;  and  as  it  is  essentially  different  in  its  construction  and  mode 
of  action  to  the  radiometer,  I  propose  to  identify  it  by  a  distinctiye 
name,  and  call  it  the  Otheoscope  (it»0^w,  I  propel). 

The  glass  bulb  is  an  essential  portion  of  the  machinery  of  the  radio- 
meter, without  which  the  fly  would  not  move ;  but  in  the  otheoscope  the 
glass  vessel  simply  acts  as  a  preserver  of  the  requsite  amount  of  rarefac- 
tion .  Carry  a  radiometer  to  a  point  in  space  where  the  atmospheric  pressure 
is  equal  to,  say,  one  millimetre  of  mercury,  and  remove  the  glass  bulb ; 
the  fly  will  not  move,  however  strong  the  incident  radiation.  But  place 
the  otheoscope  in  the  same  conditions,  and  it  will  move  as  well  without 
the  case  as  with  it. 

In  the  preliminary  note  already  referred  to*,  I  described  a  piece  of  appa- 
ratus by  which  I  was  able  to  measure  the  thickness  of  the  layer  of  mole- 
cular pressure  generated  when  radiation  impinged  on  a  blackened  surface 
at  any  degree  of  exhaustion.  At  the  ordinary  density  of  the  atmosphere 
the  existence  of  this  molecular  disturbance  was  detected  several  millimetres 
off,  and  its  intensity  increased  largely  as  the  generating  surface  and  mov- 
able plate  were  brought  closer  together.  It  would  be  possible,  therefore, 
to  construct  an  otheoscope  in  which  no  rarefaction  or  containing  vessel 
was  necessary,  but  in  which  motion  would  take  place  in  air  at  the  normal 
density  t.  Such  a  heat-engine  would  probably  work  very  well  in  sun- 
light. 

Aided  by  the  mechanical  dexterity  of  my  assistant,  Mr.  C.  H.  Giming- 
ham,  I  have  constructed  several  varieties  of  otheoscope.  These  will  be 
exhibited  at  the  Soir^  of  the  Boyal  Society  on  Wednesday  next,  as 
illustrations  of  the  very  beautiful  manner  in  which,  at  this  stage  of  my 
investigations,  theory  and  experiment  proceed  hand  in  hand,  alternately 
assisting  each  other,  and  enlarging  our  knowledge  of  these  laws  of  mole- 
cular movement  which  constitute  a  key  to  the  relations  of  force  and 
matter. 

The  following  is  a  list  of  the  otheoscopes  I  have  already  made,  together 
with  some  new  experimental  radiometers,  which  will  be  exhibited  for  the 
first  time  on  Wednesday : — 

1.  Otheoscope. — ^A  four-armed  fly,  carrying  four  vanes  of  thin  clear  mica, 
is  mounted  like  a  radiometer  in  an  exhausted  glass  bulb.  At  one  side 
of  the  bulb  a  plate  of  mica  blacked  one  side  is  fastened  in  a  vertical  plane, 
in  such  a  position  that  each  clear  vane  in  rotating  shall  pass  the  plate, 
leaving  a  space  between  of  about  a  millimetre.  If  a  candle  is  brought 
near,  and  by  means  of  a  shade  the  light  is  allowed  to  Ml  only  on  the 
dear  vanes,  no  motion  is  produced ;  but  if  the  light  shines  on  the  black 

»  Pifoc  Eoyal  Soc.  Nor.  16, 1876,  p.  310. 

t  Snoe  writmg  this  I  have  oonBtraoted  raoh  an  inftniment  Tho  morement  taket 
plsM  in  the  way  I  had  aatieipated.— W.  C,  April  26th,  1877. 
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plate,  the  fly  instantlj  rotates  as  if  a  wind  were  issuing  from  this  snr&oe, 
and  keeps  on  moving  as  long  as  the  light  is  near. 

2.  Otheoscope. — A  fonr-armed  fly  carries  roasted  mica  vanes,  and  is 
mounted  in  an  exhausted  glass  bulb  like  a  radiometer.  Fixed  to  the 
side  of  the  bulb  are  three  plates  of  clear  mica,  equidistant  from  each 
other  in  a  vertical  plane,  but  oblique  to  the  axis.  A  candle  brought  near 
the  fixed  plates  generates  molecular  pressure,  which,  foiling  obliquely  on 
the  fly,  causes  it  to  rotate. 

3.  Otheoscope, — A  large  horizontal  disk  revolving  by  the  molecular 
disturbance  on  the  surface  of  inclined  metallic  vanes,  vi^ch  are  blacked 
on  both  sides  in  order  to  absorb  the  maximum  amount  of  radiation. 

4.  Otheoscope. — Inclined  aluminium  vanes  driven  by  the  molecular 
disturbance  from  the  fixed  black  mica  disk  below,  blowing  (so  to  speak) 
through  them. 

5.  Oiheoscope. — ^A  large  horizontal  coloured  disk  of  roasted  mica,  driven 
by  inclined  aluminium  vanes  placed  underneath  it. 

6.  Otheoscope. — A  bright  aluminium  disk  cut  in  segments,  and  eadi 
segment  turned  at  an  angle,  driren  by  a  similar  one  below  of  lampblacked 
silver. 

7.  Radiometer. — ^A  vertical  radiometer,  made  with  eight  disks  of  mica 
blacked  on  one  side,  and  the  whole  suspended  on  a  horizontal  axis  which 
works  in  two  glass  cups.  The  motion  of  the  radiometer  is  assisted  on 
each  side  by  driving  vanes  of  aluminium  blacked  on  one  side. 

8.  Badiometer. — ^A  vertical  turbine  radiometer,  the  oval  vanes  of  roasted 
mica  blacked  on  one  side. 

9.  Badiometer, — A  spiral  radiometer  of  roasted  mica  blacked  on  the 
upper  side. 

10.  Radiometer  of  large  size,  showing  great  sensitiveness. 

11.  Radiometer, — A  two-disk  radiometer,  the  fly  carrying  roasted 
mica  disks  blacked  on  one  side ;  in  front  of  each  black  surface  is  fixed  a 
large  disk  of  thin  clear  mica.  The  molecular  disturbance  set  up  on  the 
black  surface,  and  streaming  from  it,  is  reflected  in  the  opposite  direction 
by  the  clear  plate  of  mica,  causing  the  fly  to  move  abnormally,  i.  t.  the 
black  surface  towards  the  light. 

12.  Radiometer. — A  two-disk  radiometer,  the  fly  carrying  roasted 
mica  disks  blacked  on  one  side,  similar  to  No.  11,  but  with  a  large  dear 
disk  on  each  side.  The  molecular  disturbance,  prevented  from  being 
reflected  backwards  by  the  second  clear  disk,  is  tiius  caused  to  expand 
itself  in  a  vertical  plane,  the  result  being  a  total  loss  of  sensitiveness. 

13.  Radiometer. — A  two-disk,  cup-shaped,  aluminium  radiometer,  facing 
opposite  ways;  both  sides  bright.  Ejqposed  to  a  standard  candle  3-5 
inches  off,  the  fly  rotates  continuously  at  the  rate  of  one  revolution  in 
3*37  seconds.  A  screen  placed  in  front,  so  as  to  let  the  light  shine  only 
on  the  convex  surface,  produces  repulsion  of  the  latter,  causing  con- 
tinuous rotation  at  the  rate  of  one  revolution  in  7*5  seconds.    When  the 
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eonyex  side  is  screened  off,  so  ns  to  let  the  light  shine  only  on  the  con- 
cave, continuous  rotation  is  produced  at  the  rate  of  one  revolution  in 
6-95  seconds,  the  concave  side  being  apparently  attracted.  These  experi- 
ments show  that  the  repulsive  action  of  radiation  on  the  convex  side  is 
about  equal  to  the  attractive  action  of  radiation  on  the  concave  side,  and 
that  the  double  speed  with  which  the  fly  moves  when  no  screen  is  inter- 
posed is  the  sum  of  the  attractive  and  repulsive  actions. 

14.  Badiometer, — A  two-disk,  cup-shaped,  aluminium  radiometer,  lamp- 
blacked  on  the  concave  sur&u;es.  In  this  instrument  the  usual  action  of 
light  is  reversed,  rotation  taking  place,  the  bright  convex  side  being 
repelled,  and  the  black  concave  attracted.  When  the  light  shines  only 
on  the  bright  convex  side,  no  movement  is  produced ;  but  when  it  shines 
on  the  black  concave  side,  this  is  attracted,  producing  rotation. 

15.  Radiometer, — ^A  cup-shaped  radiometer  similar  to  the  above,  but 
having  the  convex  sur&ces  black  and  the  concave  bright.  Light  shining 
on  this  instrument  causes  it  to  rotate  rapidly,  the  convex  black  being 
repelled.  No  movement  is  produced  on  letting  the  light  shine  on  the 
bright  concave  surface,  but  good  rotation  is  produced  when  only  the 
black  convex  surface  is  illuminated. 

16.  BadiomeUr. — A  multiple-disk,  cup-shaped,  turbine  radiometer, 
bright  on  both  sides,  working  by  the  action  of  warm  water  below  and  the 
cooling  effect  of  the  air  above. 

17.  Badiometer. — ^A  four-armed,  metallic  radiometer  with  deep  cups, 
bright  on  both  sides. 

18.  Badiometer. — ^A  four-armed  radiometer,  the  vanes  consisting  of 
mica  cups,  bright  on  both  sides. 

19.  Badiometer. — ^A  four-armed  radiometer  having  dear  mica  vanes, 
the  direction  of  motion  being  determined  by  the  angle  formed  by  the 
mica  vanes  with  the  inner  suif  ace  of  the  glass  btdb. 


rV.  ''On  the  Inferences  to  be  drawn  from  the  Appearance  of 
Bright  Lines  in  the  Spectra  of  Irresolvable  Nebulae.''  By 
William  Huogins^  D.C.L.,  LL.D.^  F.R.S.  Received  April 
26, 1877. 

In  a  paper  recently  read  before  the  Boyal  Society,  Mr.  Stone  attempts 
to  show  that  the  fact  that  the  spectra  of  some  of  the  irresolvable  nebulo 
consist  mainly  of  bright  lines  does  not  warrant  the  inference  that  these 
bodies  are  of  a  constitution  different  from  our  sun  and  the  generality  of 
the  fixed  stars,  and  consist  mainly  of  glowing  gas,  so  far,  at  least,  as  the 
light-giving  portion  of  them  is  concerned. 

Waiving  for  the  present  the  objections  which  may  be  urged  against 
Mr.  Stone's  reasoning,  let  us  consider  the  question  in  the  light  of  the 
results  aff(H*ded  by  actual  observation. 
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There  are  not  found  in  the  spectra  of  different  nebuhe  the  differences 
of  relative  brightness  of  the  bright  lines  and  of  the  continuous  spectanm 
which  would  be  expected  on  Mr.  Stone's  hypothesis. 

The  star-clusters  which  are  just  within  the  resolving-power  of  tiie 
largest  telescopes  do  not  give,  even  faintly,  a  spectrum  of  bright  lines. 

The  same  bright  lines  appear  to  be  common  to  all  the  nebulas  which 
give  a  bright-line  spectrum.  On  Mr.  Stone's  view,  differences  in  ihe 
constitution  of  the  enclosing  atmospheres  of  different  star-groups  would 
be  probable. 

On  this  point  I  may  be  permitted,  perhaps,  to  add  the  following 
sentences  from  my  paper  "  On  the  Spectra  of  some  of  the  Nebula  "*: — 

^'  It  is  indeed  possible  that  suns  endowed  with  these  peculiar  conditions 
of  luminosity  (giving  bright-line  spectra)  may  exist,  and  that  these  bodies 
are  clusters  of  such  suns.  There  are,  however,  some  considerations, 
especially  in  the  case  of  planetary  nebulee,  which  are  scarcely  in  accord- 
ance with  the  opinion  that  they  are  clusters  of  suns.  Sir  John  Herschel 
remarks  of  one  of  this  class,  in  reference  to  the  absence  of  central  con- 
densation : — ^  Such  an  appearance  would  not  be  presented  by  a  globular 
space  uniformly  filled  with  stars  or  luminous  matter,  which  structure 
would  necessarily  give  rise  to  an  apparent  increase  of  brightness  towards 
the  centre,  in  proportion  to  the  thickness  traversed  by  the  visual  ray. 
We  might  therefore  be  inclined  to  conclude  its  real  constitution  to  be 
either  that  of  a  hollow  spherical  shell,  or  of  a  flat  disk  presented  to  us 
(by  a  highly  improbable  coincidence)  in  a  plane  precisely  perpendicular 
to  the  visual  ray' t. 

"  This  absence  of  condensation  admits  of  explanation  without  recourse 
to  the  supposition  of  a  shell  or  flat  disk,  if  we  consider  them  to  be  masses 
of  glowing  gas.  For  supposing,  as  we  probably  must  do,  that  the  whole 
mass  of  the  gas  is  luminous,  yet  it  would  follow,  by  the  law  which  results 
from  the  investigations  of  Eirchhoff,  that  the  light  emitted  by  the  por- 
tions of  gas  beyond  the  surface  visible  to  us  would  be  in  great  measure* 
if  not  wholly,  absorbed  by  the  portion  of  gas  through  which  it  would 
have  to  pass;  and  for  this  reason  there  would  be  presented  to  us  a 
luminous  surface  only"$. 

It  appears,  therefore,  that  the  results  of  observation  do  not  accord  well 
with  Mr.  Stone's  theory. 

But  the  theory  itself  appears  open  to  grave  objections.  It  is  obvious 
(and  was  strongly  insisted  upon  by  Prof.  Stokes  in  remarks  made  when 
the  paper  was  read)  that  in  a  star-cluster  in  which  the  stars  are  sur- 
rounded by  self-luminous  atmospheres,  the  proportion  between  the  turn 
total  of  the  Ught  from  the  stars  and  the  light  from  the  atmospheres  will  be 
independent  of  the  distance  of  the  cluster  from  us.    Unless,  then,  we  sup- 

•   ♦  Phil.  Trans.  1864,  p.  443. 

t  '  Outlines  of  Astronomy/  7th  edit.  p.  646. 

I  See  also  Sir  William  Herschel,  Phil.  Trans.  1811.  pp.  314,  315. 
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poee  tiiat  the  light  receiyed  from  our  own  sun  is  but  a  fraction  of  the 
total  light  receiyed  from  a  supposed  atmosphere  of  enormous  extent  sur- 
rounding him  (a  supposition  which  needs  only  to  be  stated  to  be  rejected), 
instead  of  constituting  the  main  portion  of  the  total  light,  it  follows  that 
the  total  light  received  from  a  distant  cluster  formed  of  stars  at  all 
resembling  our  own  sun  must  mainly  come  from  the  stars  themselyes. 
If,  then,  it  be  true,  as  it  undoubtedly  is,  and  as  Mr.  Stone  has  urged, 
that  at  a  sufficient  distance  the  light  from  any  indiyidual  star  is  insigni- 
ficant, while  that  from  the  cluster  as  a  whole  (both  stars  and  atmospheres) 
is  not,  this  can  only  be  by  the  distance  being  so  great  that  the  small  but 
finite  solid  angle  subtended  by  a  small  portion  of  the  slit  employed  in  the 
inyestigation  is  neyertheless  sufficient  to  take  in  a  considerable  number 
of  the  stars ;  and  if  this  be  admitted,  Mr.  Stone's  reasoning  falls  to  the 
ground. 


Presents  received^  April  12,  1877. 
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''On  the  Temperature  of  the  Human  Body  in  Health.*'  By 
Sydney  Binoeb^  M.D.^  Professor  of  llierapeuties  at  Uni- 
versity College^  London^  and  the  late  Andrew  P.  Stvabt^ 
M.R.C.S.  Communicated  by  Dr.  Sharfey,  F.R.S.  Received 
January  19,  1877*. 

PabtI. 

These  investigations  were  made  in  order  to  learn  how  the  temperature 
of  the  body  comports  itself  in  health ;  since  to  every  one  it  must  be 
obvious  that  without  such  knowledge  it  is  impossible  to  determine  with 
any  approach  to  certainty  what  variations  in  the  temperature  are  to  be 
accepted  as  indications  of  disease. 

It  is  necessary  to  state  here  some  particulars  of  the  manner  these 
investigations  were  conducted,  and  of  the  precautions  taken  to  avoid 
error. 

The  subjects  of  our  observations  were  confined  to  bed  during  the 
times  when  the  investigations,  continued  on  some  occasions  for  seve- 
ral days,  were  made.  They  were  well  covered  with  bed-clothes,  and, 
indeed,  as  far  as  possible  throughout  the  time  they  remained  in  bed,  were 
kept  under  the  same  conditions,  so  that  any  alterations  in  their  tem- 
perature could  not  be  ascribed  to  any  exposure,  or  to  any  variation  in 
the  temperature  of  the  room,  or  to  other  accidental  and  preventible 
causes. 

The  thermometer  was  generally  placed  in  the  axilla,  though  on  some 
occasions  the  temperature  of  the  mouth  under  the  tongue  and  of  the 
rectum  was  noted  at  the  same  time.  These  observations  are  sufiBdently 
numerous  to  enable  us  to  say  that,  due  care  being  taken  and  sufficient 
time  allowed,  the  temperature  of  the  axilla  is  always  identical  with  that 
of  the  mouth  and  with  that  of  the  rectum,  four  to  six  inches  above  its 
termination. 

A  non-roistering  thermometer  was  retained  in  the  axilla  and  read  m 
situ  until  the  completion  of  each  series  of  these  observations ;  and  the 
temperature  was  noted  hourly,  or  nearly  so,  from  9  a.m.  to  a  late  hour 
in  the  evening,  usually  to  12  p.k.  On  some  days  hourly  observations 
were  made  during  both  night  and  day.  The  time  of  taking  food  and 
the  kind  and  quantity  were  always  accurately  recorded. 

It  is  well  to  mention  that  some  of  the  persons  who  were  the  subjects 
of  this  investigation  were  convalescents  from  various  diseases,  but  had 
fiurly  recovered,  and  might  be  considered  to  be  Id  tolerably  good  health. 

That  the  subsequent  remarks  may  be  more  clearly  understood,  we  first 
give  a  short  account  of  the  general  course  the  temperature  followed  in 
one  of  the  boys  whose  case  is  recorded  in  this  paper ;  and  to  render  the 
account  more  intelligible,  we  attach  a  chart  of  his  temperature  variations, 
taken  hourly  for  two  entire  days. 

*  Bead  February  11, 1869.    See  Proc.  Roy.  Soc.  toI.  xrii.  p.  287. 
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This  chart  indicates  that  the  temperature  does  not  remain  at  about  the 
same  degree  throughout  the  day  and  night,  but  shows  that  a  considerable 
diurnal  yariation  occurs.  The  temperature  reaches  its  highest  point  at 
about  9  A.M.,  and  continues  much  the  same  during  the  chief  part  of  the 
day ;  while  in  the  evening  it  uniformly  and  greatly  faUs  and  remains  at 
its  lowest  depression  during  several  hours  of  the  night;  but  subse- 
quently, in  the  early  morning  hours,  it  again  uniformly  and  quickly  rises. 
This  diurnal  rise  and  fall  constitutes  the  only  great  variations. 

We  now  pass  on  to  speak  first  of  the  observations,  continued  hourly 
without  any  intermission  throughout  the  day  and  night,  made  on  two 
lads,  named  respectively  Alfred  Mountain  and  Alfred  Eundell.  By 
adopting  this  plan  we  shall  learn  what  conclusions  we  may  safely  draw 
from  those  less  complete  observations  which  were  discontinued  at 
12  p.m. 

Alfred  Mountain  was  twelve  years  of  age,  of  a  robust  build,  well 
nourished  and  hearty.  He  had  a  patch  of  tinea  decalvans,  with  which 
exception  he  was  in  perfect  health. 

The  other  lad,  Alfred  Bundell,  thirteen  years  old,  was  of  a  rather 
delicate  constitution,  but  he  had  a  good  appetite  and  was  in  his  accus- 
tomed health. 

To  render  our  statement  the  more  clear,  and  to  enable  our  readers  to 
judge  for  themselves  of  the  correctness  of  the  conclusions  arrived  at,  we 
have  thrown  all  the  results  of  the  observations  into  the  form  of  Tables, 
but  the  details  are  recorded  at  the  end  of  this  section  t. 

In  the  first  column  of  the  following  Table  is  given  the  name  of  the 
boy ;  in  the  second  the  time  the  observation  lasted ;  in  the  third  the 
maximum  temi>erature  of  the  day ;  in  the  fourth  the  amount  of  diurnal 
variation ;  in  the  fifth  the  hour  when  the  evening  fall  began ;  and  in  the 
sixth  column  the  hour  of  the  commencement  of  the  morning  rise. 


Name. 

Time  of 
Obseiration. 

Maximum 
Daily 

Tempera- 
ture. 

Amount  of 

Diurnal 
Variation. 

Evening 

FaU 

begun. 

Morning 
begun. 

Bundell 

10  a.m.  to9A.M: 
•9  „    „  9  ,. 
*9  „    „  9  „ 
*9  .,    ,.9  „ 
»9  ..    ,,8.15  P.M. 

9  „    „  9  a.m. 

9  1,    ,,9  „ 

9  ,.    „  9  „ 

99-2 
99-2 
99-4 
99-4 
99-4 
98-8 
99-2 
98-6 

2-2 
2-2 
2-4 
2*2 
2-2 
2-8 
2-2 
1-6 

6pji. 

6    " 
6    .. 

Ir. 

4    „ 
4    .1 

dA.M. 

3  ,. 
7   ,. 
6   „ 

t: 

4  „ 

Mountain 

This  Table  shows  the  results  of  observations  made  hourly  during  both 
night  and  day,  for  eight  days.    On  the  four  days  denoted  by  an  asterisk 
tl^  temperature  was  taken  continuously;  thus  the  observations  were 
t  The  Oharte  are  deposited  for  reference  in  the  Arehivei. 
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taken  hoarly  without  any  break,  £rom  9^  ▲.m.  of  January  12  to  8.15 
of  January  15. 

The  amount  of  daily  yariation  of  January  15  is  estimated  from  the 
lowest  temperature  of  the  previous  evening ;  but  on  all  the  other  days 
the  daily  variation  is  estimated  from  the  highest  temperature  of  the  day 
to  the  lowest  of  the  following  night. 

From  this  Table  we  gain  information  on  several  poiuts. 

Mdunmum  Temperature  of  the  Day, 
The  average  maximum  temperature  of  lads  of  about  12  years  of  age  is, 
according  to  our  observations,  99^  Fahr.    Thus  the  highest  temperature 
reached  was  on  ^ 

Iday 98-6 

1    , 98-8 

3  days   99-2 

3     „      99-4 

Average 99*1 

Diurnal  Variation  of  the  TempercUure, 

On  1  day  this  was i-6  Fahr. 

3  days    22    „ 

3    „       2-4    „ 

Iday     2-8    „ 

It  tiius  appears  that  the  diurnal  variation  in  the  temperature  of  boys 
about  12  years  of  age  is  2^*2  Fahr. 

Time  when  the  highest  Temperature  of  the  Day  is  reached. 

This  occurred  at  some  period  between  the  hours  of  9  ▲.!£.  and  6  p.m. 

Thus  on 

1  day  the  highest  temperature  was  at         2  p.m. 

1  „  from  8  A.!!,  to  10  a.m. 

1  „ atlO    „ 

1  „  ,»10    „ 

1  ,»  ,»   4  p  jf . 

The  Hour  of  the  Day  when  the  Evening  Fall  begins,  . 
It  will  be  subsequently  more  fully  shown  that  during  the  early  morn- 
ing hours  the  temperature  quickly  rises,  and  then  during  the  greater 
part  of  the  day  remains  at  about  its  highest  point.  In  the  eveniog  it 
again  quickly  fiUls,  until  the  lowest  temperature  of  the  day  is  reached. 
The  time  of  day  when  the  temperature  of  these  lads  begun  to  fall  varied 
rery  greatly;  thus  on 

1  day  the  evening  fall  began  at 2  p.m. 

2  days  „        „        „         4    „ 
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8  days  the  eyening  fiall  began  at 6  p.m. 

1  day  „        „        „ 9   „ 

In  this  Table  we  have  not  restricted  ourselves  to  the  observations  con- 
tinued during  both  day  and  night,  but  have  used  other  observations  in 
which  the  temperature  was  noted  only  till  a  late  hour  in  the  evening,  as 
these,  it  is  obvious,  may  be  fairly  used  for  our  present  purpose. 

This  Table  proves,  still  more  strongly  than  a  forgoing  one,  that  if  our 
observations  are  continued  till  8  p.m.  our  observations  will  include  the 
mATimnm  daily  temperature  of  the  day  in  boys  of  the  age  of  these  lads. 

It  shows  also  that  in  persons  of  their  age  the  evening  &11  usually 
begins  between  5  P.1C  and  7  p.m.  ;  but  it  likewise  shows  that  exceptions 
occur,  for  the  evening  6ill  may  begin  either  before  or  after  the  time 
stated.    The  fall,  however,  happens  more  frequently  before  than  after. 

The  How  when  the  Morning  Bise  begins. 
This  varies  greatly.    Thus  on 

4  days  this  began  at     3  a.ic. 

1  clay     r,        „  4   „ 

1  '^ 

*■    »      »         >»  ^^    »» 

-'•    >»      >»         »>  ^    >» 

A    »>      >»         a  '    M 

From  this  we  may  conclude  that  in  lads  of  about  12  years  old  the 
morning  rise  usually  begins  between  3  a.m.  and  7  a.m. 

The  chief  part  6f  the  rise  was  completed  by  9  a^u.  After  this  hour  the 
temperature  usually  remained  at  much  the  same  height,  until  the  evening 
£all  began.    Thus  on 

4  days  the  temperature  remained  much  the  same 

from  9  A^K.  to  5  p.M.ns8  hours. 
1  day  „  „  „     10    „      6    „  «8      „ 

*■      rt  »»  >»  »»      ■''"      «       ^      «    ^'        »» 

*      >t  »  .»»  »>         "      »        ^      n    ^'        n 

On  one  day  the  temperature  remained  much  the  same  from  8  a.m.  to 
1  P.M.,  then  fell  very  slowly  till  8  p.m.  ;  afterwards  the  fidl  was  much 
more  rapid. 

Hence  it  would  appear  tiiat  in  boys  of  the  age  of  12  the  temperature 
continues  at  about  its  maximum  for  7  to  8  hours. 

The  Time  at  which  the  Maximum  Depression  was  reached 
varied  greatly  in  these  lads.    Thus  on 

1  day  it  was  reached  at 7  p.m. 

2  days      „        „  9    „ 

1  day        „        „  10  „ 

1    »>         »»         >»  11    »i 

1  »>  «        >»  12   „ 

2  days       „         ,,  1  ▲.]!. 
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On  six  of  these  eight  days  the  lowest  temperature  of  the  day  was 
reached  by  12  p.m.  ;  on  two  days  this  was  not  attained  until  1  a.m.  ;  but 
tiie  &11  in  the  temperature  after  12  p.m.  on  these  two  occasions  was  but 
slight,  in  each  case  amounting  to  only  0°*4  Fahr. 

It  thus  appears  that  if  in  other  persons  of  about  the  age  of  these  lads 
our  obsenrations  be  continued  till  12  p.m.,  we  shall  obtain  the  whole,  or 
nearly  the  whole,  of  the  daily  variation  of  the  body  temperature. 

The  temperature  does  not  begin  to  rise  immediately  after  its  Tninimi^n> 
has  been  reached,  but  remains  at  about  its  lowest  point  during  several 
hoars  before  the  morning  rise  begins  ;  thus  on 

2  days  it  remained  at  about  its  minimum   2  hours, 
l^iay  „  „  „  4    „ 

^    »>  »>  >»  it  ^    » 

2  days  „  „  „  8    „ 

1  day  „  „  „         11     „ 

We  thus  see  that  in  these  observations  the  maximum  depression  is 
usually  of  shorter  duration  than  the  maximum  elevation. 

Thus  we  have  learned  that  observations  continued  from  9  a.m.  to 
12  P.M.  give  us  not  merely  the  highest  temperature  of  the  day,  but  like- 
wise the  hour  when  the  temperature  begins  to  fall — the  chief,  and  in 
many  cases  the  whole,  of  the  evening  fall.  With  this  information  we  are 
enabled  to  use  some  other  though  less  complete  observations,  in  which 
the  temperature  was  not  observed  during  the  night  after  12  p.m.  We 
shaU  thus  be  able  to  confirm  or  to  correct  by  a  larger  number  of  observa- 
tions the  foregoing  conclusions. 

On  the  Temperature  of  Healthy  Per$<m$  of  different  Ages. 

In  this  section  we  give  the  results  of  observations  of  persons  of  various 
ages  in  whom  the  temperature  was  taken  only  till  12  p.m.  On  two 
men,  however,  of  about  forty  years  of  age,  the  observations  were  con- 
tinued throughout  the  night  and  day ;  and  we  are  therefore  able  to  com- 
pare the  temperature  of  the  whole  twenty-four  hours  of  persons  of 
different  ages. 

The  observations  were  made  on  the  following  persons  : — 

James  Bedfem,  a  child  five  years  old,  convalescent  from  rickets.  His 
appetite  was  good.  The  ends  of  the  bones  were  still  enlarged,  and  there 
was  some  flattening  and  depression  of  the  axillary  regions  of  the  chest. 

Thomas  Thompson  and  Alfred  Eundell,  aged  respectively  11  and  13, 
were  both  in  excellent  health. 

Frank  Legg,  23  years  old,  convalescent  from  a  very  slight  attack  of 
rheumatic  fever.    He  was  free  from  pain,  and  his  appetite  was  good. 

Cornelius  Farmelow,  40  years  of  age,  and  Alfred  Purse,  55  years  old, 
were  both  in  good  health. 
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Joseph  Gkunes,  48,  had  commenciiig  locomotor  ataxy.  He  was  an 
unusually  stout  man  with  a  capital  appetite. 

John  Hilton,  68,  suffered  from  slight  rheumadc  pains.  His  joints 
were  slightly  enlarged.    His  appetite  was  good. 

Alfred  Mountain  we  have  already  referred  to. 

We  have,  as  on  a  previous  occasion,  thrown  all  the  details  of  these 
observations  into  the  form  of  a  Table ;  the  observations  are  given  in 
detail  at  the  end  of  this  section  and  are  deposited  in  the  Archives. 


Name. 

Condition. 

Date. 

Time  ohserration 
continued. 

Kax. 

temp. 

Min. 
temp. 

Daily 
variation. 

Erening 

faU 
begun. 

Bedfepn,»t5  

Conralesoent 
from  Rickets 

Dec.  15 
„    16 
,,   20 

9.25  a.m.  to  12      P.M. 
9.30  „  to  12       „ 
9.15    „   to  12       „ 

99-2 
98-8 
99 

96-8 

97 

97 

2% 
1-8 
2 

2        PJL 

2       „ 
8       „ 

Gibb8,jBt  11 

Convalescent 
from       Ty- 
phoid Fever 

Dec.  7 

„     8 
„     9 

9.30   „   tol2       „ 
9.30    „  to  12       „ 
9.30   „  to  12.30  a.m. 

98-6 
99- 
99 

96-4 
97 

97 

22 

2 

2 

10      A.M. 

7     pji. 

7          n 

Thompson,  ast  11... 

Healthy 

Dec.  8 

:;.S 

,.   12 

9.30   „  to  12      P.M. 
12       „   to  12.30  a.m. 
9.30   „  to  12.30,, 
9.30   „  to  12     P.M. 

99-6 
99-4 
99-4 
99-2 

97-6 
97-2 
97-4 
97-2 

2 

2-2 
1-6 
2 

7      „ 
4       „ 

6  „ 

7  „ 

BundeU,nt.  13 

Healthy 

Dec  6 
,.   17 
„   18 

6       P.M.  to  12       P.M. 
4          II    to    1       A.M. 

4        1,   to  12     P.M. 

99-2 
99-2 

98-8 

97-2 
97-4 
97-2 

2 

1-8 
1-6 

8      ., 
7      „ 
7      „ 

Legg,  «t.  23 

Convalescent 
from  Hheu- 
matism 

Deo.  10 
.,   11 
„   12 
.,    14 

9.dOA.M.  to  12.30  a.m. 
9        „  to  1       „ 
9        „  to  12      P.M. 
4      p.M.tol2       „ 

99 

99-2 

992 

98-8 

97 
96-8 
97-2 
97-4 

2 

2-4 
2 
1-4 

8.30  „ 

Mountain,  at  10 ... 

Healthy 

Deo.  13 
..   14 

:\l 

,.  17 
..  28 
„   29 

11      A.M.t0l2         „ 

9        „  to  12       „ 
9.30   „  to  12       „ 
9.20  „  to  12       „ 
9        „  tol2       „ 
2.45  P.M.  to  11       „ 
9.15  a.m.  to  12.15  a.m. 

98-2 

99-2 

99-2 

99 

99-2 

99 

99-2 

••• 

1 

2 

1-6 

1-6 

1-8 

1-2 

2-2 

9      » 

6      . 

6  ., 

7  „ 
7       „ 

6       " 

Earmelow,  »t.40... 

Healthy 

Deo.  ,7 
„     8 
..     9 
„   10 
..   11 
.,   19 

24hourt 

M 

n     , 

»» 

t* 

98-6 

98-6 

98-6 

98-4 

99 

99 

97-2 
97-2 
97^ 
97-6 
98-2 
98-4 

1-4 
1-4 
1-2 
0-8 
0-8 
0-6 

9.30AJI. 
9.30  J 
5     PA 

3      AJL 

Gtmee,  nt  48 

Slight  loco- 
motor ataxy 

Deo.  7 

n 

>» 
»» 
i* 
n 

99-2 
99 
99 
99-4 

99-6 

98-2 

98^ 
98-4 
98-8 

10 

0 

1-0 

1-0 

0-8 

Pnne,  set.  55 

Healthy 

Chronic 
Rheumatism 

Dec  7 

9.30  A.M.  to  12  P.M. 

98*4 

97*6 

0-8 

Hilton,  «t.  68  

Dec.  7 

9.30   „  to  12   „ 

98-6 

98 

0-6 
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We  next  extract  from  this  Table  the  ayerage  maximum  temperature 
and  the  average  daily  yariation  at  different  ages. 

5  years  of  age.     Bedfem.    3  obseryations. 

Average  maximum  temperature 99^  Eahr. 

Average  diurnal  variation     2°-06  Fahr. 

Evening  fall  begun  between 2  p.m.  and  3  p.m. 

10  and  11  years.    Mountain,  Gibbs,  and  Thompson.    14  observations. 

Average  daily  maximum  temperature 99® 

Average  daily  variation P*8 

Evening  fall  begun  between 4p.M.and  7p.m. 

It  begun  once  at  10  ajt.  and  once  at  9  p.m. 

23  years.    Legg.    3  observations. 

Average  daily  maximum  temperature 99®'l 

Average  daily  variation    2^*1 

Evening  fall  begun  6  p.m.  and  8  p.m. 

Average  of  all  the  foregoing  observations,  which  were  all  made  on 
persons  under  25  years  of  age : — 

Average  maximum  daily  temperature 99° 

Average  daily  variation   1^*9 

Evening  fall  begins  usually  between  2  and  8  p.m. 

These  general  conclusions  are  almost  identical  with  those  afforded 
by  the  more  complete  observations  made  on  Mountain  and  Eundell,  and 
we  think  they  may  be  accepted  as  generally  true  of  all  persons  under 
25  years  of  age. 

We  now  give  the  averages  of  the  persons  over  40  years  of  age : — 
40  years.    Parmelow.     6  series  of  observations,  which  were  continued 
through  the  day  and  the  night. 

Average  maximum  daily  temperature 98°'7 

Average  diurnal  variation    1®'0 

48  years.  Gtumes.  5  series  of  observations,  each  continued  for  24 
hours. 

Average  maximum  daily  temperature 99° 

Average  diurnal  variation 0°-76 

55  years.    Purse.    One  observation. 

Maximum  temperature 98°'4 

Daily  variation    0*^*8 

68  years.    Hilton. 

Maximiun  temperature 98°-6 

Daily  variation    0°'6 

Averages  of  all  the  persons  over  40  years  of  age : — 

Average  maximum  daily  temperature  98°*8  Fahr. 

Average  daily  variation 0°*87   „ 
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We  are  now  in  a  position  to  compare  the  temperature  of  persons 
under  25  with  that  of  persons  oyer  40  years  of  age. 

Average  daily  maximum  temperature  of  all  the  observations 

made  on  persons  under  25  years 99**  Fahr. 

Average  daily  variation  of  the  temperature  of  the  same 

persons  1®'9 

Average  maximum  temperature  of  persons  over  40   98°*8 

Average  daily  variation    0^*87 

From  this  Table  it  appears  that  the  daily  variations  in  old  people  is 
considerably  less  than  that  of  youDg  people ;  in  fact  the  variations  in 
persons  over  40  is  only  half  that  of  persons  under  25  years. 

On  the  other  hand,  the  daily  maximum  temperature  is  much  the  same 
both  under  25  and  over  40. 

But  the  difference  is  not  merely  in  the  amount  of  depression,  but  in 
the  manner  of  its  occiurence.  In  young  people  we  get  in  the  evening 
a  very  rapid  fall,  and  the  minimum  temperature  of  the  day  is  quickly 
reached ;  often,  indeed,  in  three  or  fours  hours.  In  persons  over  40, 
whose  temperature  was  taken  through  the  day  and  night,  so  rapid  a  fall 
rarely  occurs ;  but  the  temperature  usually  declines  very  slowly,  and  as 
soon  as  the  minimnm  is  reached  it  again  begins  to  rise,  so  that  not  only 
is  the  amount  of  the  evening  fall  less  in  these  older  persons,  but  the 
period  of  the  depression  is  also  shorter,  generally  very  much  shorter. 

It  may  here  be  noted  that  on  some  days,  even  when  the  temperature 
was  observed  for  twenty-four  hours,  no  diurnal  variation  occurred  in 
persons  over  40  years  of  age.  But  the  temperature  of  these  older 
differs  in  yet  another  respect  from  that  of  younger  persons ;  thus 
apparently  the  diurnal  fall  does  not  observe  any  particular  time,  but 
occurs  sometimes  in  the  middle  of  the  night,  and  at  other  times  in  the 
morning  at  about  9  a.m. 

Pabt  II. 

Concerning  the  influence  of  Food  on  the  Temperature  of  Healthy  People, 

In  a  previous  section  a  considerable  diurnal  variation  in  the  tempera- 
ture, often  amounting  to  two  degrees,  has  been  shown  to  occur. 

It  is  important  to  ascertain  whether  this  variation  is  produced  by  food 
or  is  due  to  other  causes.  Our  present  section  is  devoted  to  the  solu- 
tion of  these  questions. 

We  shall  at  first  turn  our  attention  to  the  observations  made  on  the 
lads  Eundell  and  Mountain.  As  these  were  continued  night  and  day, 
without  any  interruption,  and  as  we  have  accurate  accounts  of  the  quan- 
tity and  the  nature  of  their  food,  it  is  obvious  we  shaU  obtain  much  more 
trustworthy  conclusions  from  these  than  from  less  elaborate  and  exact 
observations. 

These  two  lads  were  about  twelve  years  of  age.    The  observations 
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from  which  we  now  draw  our  conclusions  will  be  found  in  full  at  the 
end  of  the  sections  treating  of  the  temperature  of  health,  and  on  the 
influence  of  baths  on  the  heat  of  the  body. 

We  hope  to  show  the  high  probability  that  the  diurnal  variation  of  the 
temperature  is  altogether  independent  of  food ;  and,  while  attempting  to 
establish  this,  we  shall  speak  first  of  the  influence  of  breakfast,  secondly 
of  the  tea,  and  lastly  of  the  dinner. 

Concerning  the  behaviour  of  the  temperature  before  and  after  break- 
fast, it  may  be  stated  that  these  boys  took  breakfast  at  6  a.m.,  dinner 
at  12,  and  tea  at  5  p.m. — no  food  being  allowed  at  other  times,  with  one 
exception,  which  at  the  proper  place  will  be  noted  and  referred  to. 

Is  the  daily  rise  of  the  body  temperature  due  to  food  ?  During  the 
early  morning  hours,  before  breakfast,  the  temperature  rose  considerably ; 
indeed  rather  more  than  half  the  diurnal  rise  took  place  before  6  a.m., 
the  breakfast  time  of  these  lads,  showing  that  some  of  this  rise  is  not 
due  to  food.  This  part  of  the  rise,  it  must  be  apparent,  could  not 
be  produced  by  food,  unless,  indeed,  it  be  attributed  to  the  tea  of  the 
previous  evening,  a  supposition  impossible  to  maintain,  as  ten  hours 
elapsed  between  the  tea  and  the  beginning  of  the  morning  rise.  The 
chief  influence  of  a  meal  on  the  body  is  expended  during  the  third  to 
the  fiffch  hour,  and  then  gradually  declines  and  usually  ceases  altogether 
in  ten  hours,  a  fact  shown  by  the  variations  in  the  urea  of  the  urine 
after  a  meal.  During  the  three  first  hours  the  quantity  of  urea  gradually 
increases,  then  for  an  hour  or  more  the  maximum  quantity  is  maintained, 
after  which  it  gradually  grows  less,  till  the  standard  of  inanition  is 
reached. 

Now  in  all  our  observations  during  the  early  hours  of  the  evening, 
when  the  influence  of  the  evening  meal  was  greatest,  the  temperature 
fell  considerably,  and  the  rise  of  temperature  did  not  begin  till  the  effects 
of  food  must  have  entirely  ceased. 

We  are  thus  driven  to  admit  that  half  the  daily  rise  is  due  to  other 
causes  than  food. 

The  annexed  Table  gives  a  summary  of  the  observations  elsewhere 
recorded  in  detail,  and  includes  the  whole  of  the  morning  rise,  which  was 
always  accomplished  by  9  A.ic. 

The  first  column  gives  the  name  of  the  lad ;  the  second  the  hours 
before  breakfast  during  which  the  temperature  rose ;  the  third  the  rise 
before  breakfast;  the  fourth  the  hourly  rise;  the  fifth  the  hours  of 
observation  after  breakfast;  the  sixth  the  rise  during  this  time;  the 
seventh  the  hourly  rise  after  breakfast ;  and  the  last  column  gives  the 
food  taken  during  the  investigation. 
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Name. 

Temperature 
taken  from 

Temp, 
rose. 

Rose 

per 

hour. 

Temperature 
taken  from 

Rise. 

Rise 

per 

hour. 

Breakfast. 

Mountain 
BundeU... 

3  A.M.  to  6  A.lf. 

3    1,    1,  6    „ 
2    II    II  6    II 

2  II    II  6    II 

3  II    II  o    II 

1  »    »i  6    »» 

3  H       U    o      1, 

2  II    II  6   1, 

4  „    „  6   1, 

2  ,1    ,1  6   „ 
4   1,    1,  6    „ 

3  m      m   6     I, 

2   II    ,1  6   1. 

!|- 

10 
1-2 

1-0 
2-0 
1-2 
08 
1-4 
0-8 

10 
0-4 
1-2 
1-2 

0-33 
0-33 
03 

0-25 
0-66 
024 
0-26 
0-36 
0-4 

0-25 
0-2 
0-4 
0-3 

6  A.M.  to  9  AJI. 

Ditto. 
i» 

^   $>    11  8  1, 
6  1,    ,1  9  II 
Ditto. 

M 

»» 
M 

>l 
If 
11 
»l 

06 
0-4 

0-8 

0-6 

0-6 

1 

0-6 

1-6 

1 

1-0 
0-4 
08 

0°2\ 
0'2f 
013 

0-4 

0-2 

0-2 

0-33 

0-2 

053 

0-33 
0^33 
013 
0-26 

Tea  with  KtUe  milk  in  it. 

Breakfast-cup  of  coooa,  & 
i  round  of  bread  Sl  butter. 
Cup  of  cocoa. 

** 

t» 

tt 

»i 
i  pint  of  milk,  }  round 

of  bread. 
Cup  of  cocoa. 

I* 

II 
i  pint  of  milk,  \  round  o  f 
bread  and  butter.              | 

A  VAralTA 

0-328 

Average 

0-264 

1 

— ■"— 0-" 

To  what  extent  was  the  elevatioii  following  breakfast  due  to  that  meal  ? 
Probably  to  a  very  small  extent ;  for : — 

Ist.  The  rise  after  breakfast  was  somewhat  less  than  the  rise  before  it, 
the  Table  showing  that  the  average  hourly  rise  of  all  the  observations 
before  breakfast  was  0°*328  Pahr.,  while  the  hourly  average  rise  after 
this  meal  was  0^*264  Eahr.  It  thus  appears  that,  apart  from  food,  the 
causes  which  influence  the  diurnal  variation  are  adequate  to  explain  the 
rise  which  happened  after  breakfast. 

2nd.  The  rise  after  breakfast  if  due  to  food  should  be  in  proportion  to 
the  quantity  taken;  but  no  such  relation  occurred.  The  rise,  as  the 
Table  shows,  was  somewhat  greater  after  a  cupful  of  very  weak  tepid 
tea  than  after  a  fairly  hearty  meal. 

3rd.  On  the  morning  when  these  boys  took  only  a  cupful  of  tea,  they 
may  be  considered  to  have  practically  gone  without  breakfast ;  yet  on 
these  days  the  rise  took  place  as  usual,  showing  that  the  greater  part  of 
the  after  breakfast  rise,  and  in  all  likelihood  the  rise  on  other  days,  must 
be  independent  of  food. 

Still  restricting  our  attention  to  the  observations  on  Mountain  and 
Eundell,  we  pass  on  to  consider  how  far  the  evening  fall  in  the  tempera- 
ture is  affected  by  the  evening  meal. 

These  boys  took  tea  at  5  p.m.,  always  a  very  hearty  meal,  often  the 
largest  of  the  day,  and  generally  consisting  of  two,  often  of  three 
eggs,  bread  and  butter,  with  tea  or  cocoa.  They  had  no  supper,  and  were 
allowed  to  fall  asleep  at  their  pleasure,  and  were  not  awakened  when  the 
temperature  was  read  off.  Due  care  was  taken  that  they  were  well 
covered  with  bed-clothes. 

In  sixteen  observations  the  temperature  after  tea  fell  immediately  and 
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continuoiislj,  until  it  reached  the  lowest  point  of  the  night.  In  many 
cases  the  eyening  fall  had  begun  before  the  tea ;  in  one  case  only  did  it 
rise  after  the  meal,  and  on  this  occasion  to  the  extent  only  of  0^*2  Fahr., 
and  for  a  very  short  time. 

On  these  occasioa^  as  the  fall  occurred  immediately  after,  and  not- 
withstanding a  hea^  meal,  and  moreover  as  the  boys  were  in  all  respects 
placed  in  the  same  conditions  throughout  the  day,  it  is  obvious  that  we 
must  admit  that  there  are  certain  circumstances  irrespective  of  food 
which  determine  the  diurnal  variation  of  the  temperature.  Is  all  this 
fall  due  to  these  unknown  circumstances  ?  Or  must  we  admit  that  a 
portion  of  the  previous  rise  is  due  to  the  food,  and  as  its  heat-producing 
effects  wear  off,  and  as  the  inanition  period  is  reached,  a  fall  takes  place 
equal  in  amount  to  the  previous  rise  determined  by  the  food  ? 

We  will  now  give  reasons  which  lead  us  to  conclude  that  the  total  of 
the  fall  is  due  to  circumstances  whc^y  apart  from  the  food. 

The  question  to  decide  is,  how  much  of  the  evening  &11  is  to  be 
accounted  for  by  those  circumstances  (irrespective  of  food)  that  determine 
the  diurnal  variation,  and  how  much,  if  any,  is  due  to  the  withdrawal  of 
the  influence  of  food  on  the  body.  It  must  be  evident  that  the  fall 
which  occurred  while  the  influence  of  the  food  was  at  its  highest  must  be 
wholly  attributed  to  other  circumstances.  We  need  hardly  dwell  on  this 
point ;  for  if  the  fall  is  due  to  the  diminished  or  exhausted  influence  of 
the  food,  such  a  decline  [could  not  occur  when  the  meal  was  exerting  its 
greatest  effects ;  therefore  that  part  only  of  the  fall  wluch  took  place 
when  the  effects  of  the  meal  had  begun  to  diminish  or  had  ceased  can  be 
attributed  to  the  withdrawal  of  the  influence  of  food.  But  in  all  cases 
the  principal  part  of  the  evening  fall  occurred  while  the  influence  of  the 
tea  must  have  been  at  its  height,  and  in  many  instances  the  whole  of  this 
fall  had  taken  place  at  this  time — the  chief  part  of  this  evening  fall 
having  on  all  occasions  occurred  before  11  p.m.,  and  was,  indeed,  very 
often  by  this  time  at  the  lowest  point.  Thus  in  those  cases  only  where 
the  fall  continued  after  11  p.m.,  a  very  small  portion,  if  any,  of  this  f^ 
could  be  due  to  the  declining  influence  of  food. 

In  this  Table  we  give,  in  the  first  column  the  date,  in  the  second  the 
amount  of  fall  after  10  or  11  p.m.,  and  in  the  third  tlie  hour  of  t^e  night 
when  observations  were  discontinued. 

On  the  following  days  the  boy  took  no  bath ; — 

Amount  of  f  alL 
No  fall  after  10     p.m 

11       » 

10.30  „ 
.Afallof0°-4afterl0„ 
.NofciUafterlO 

10.30  „ 
.AfaUofO°-8afterll„ 


Date. 

Dec. 

13  .... 

»9 

14  .... 

>1 

15  .... 

1> 

16  .... 

>» 

29  .... 

Jan. 

2  .... 

» 

6  .... 

Obeerration  diBContinued 
at  12  p.M. 


12.15 
through  the  night. 
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Date. 

Amount  of  fall. 

ObBerration  diacontinued 

Jan.  12  . 

...AfaU  of  0°-4  after  IOp.k.. 

. .  through  the  night. 

,,     13  . 

. . .        „      0  '2    „    „   „  . . 

>i 

„    14  . 

.    .    •                     ,,                 yj     *0           y,            yy        „        .    . 

» 

On  the  following  days  a  bath  was  given  to  the  b<y  in  the  morning. 
Dec.  18 A  fall  of  0^-6  after  10  p.m.    . .  at  12  p j£. 

„     20  . . . .        „      0  *2     „,,„... .  „ 

„    21   ....  No  faU  after  10       „    .... 
Jan.    1 „        „      11        ,,....  through  the  night. 

„      6  ....AfaUofO°-2afterlO  „    .... 


8  . 

>i 

» 

»>       »       1> 

9   . 

M 

>1 

1»      »       1> 

10   . 

. . . 

^1 

0°-4 

1»      »>       » 

11   . 

... 

» 

0°-2 

„  11  „ 

Summary  of  this  Table, 

Observations  recorded  on  ten  days  when  no  bath  was  taken : — 

In  5  of  these  no  &U  after  10. 

„  1  a  faU  of  0^-2        „      „ 

>»  2       I,         0  *4         „      „ 

»     2  „  0    '8  „  ,y 

Observations  recorded  on  9  days  when  baths  were  taken  in  the 
morning : — 

In  2  there  was  no  fall  after  10  to  11  p.k. 
„    4  a  fall  of  0*^*2  occurred  „     „        „ 

1  0°'6 

1  1°'0 

These  two  Tables  may,  we  think,  be  fairly  thrown  together,  for  we  can- 
not understand  how  baths  given  in  the  morning  should  interfere  with  the 
evening  temperature.  Thus  we  have  19  series  of  observations ;  and  in  7 
of  these  no  fall  occurred  after  the  chief  influence  of  the  meal  had  ceased. 

In  5  cases  a  fall  of  0^*2  occurred ;  but  we  think  a  variation  so  slight 
may  be  disregarded,  as  it  might,  and  probably  was  often,  caused  by 
some  accident  circumstance,  as  the  movement  of  the  body  in  bed  or 
some  similar  cause — ^an  assumption  strengthened  by  the  fact  that  this 
slight  decline  was  often  noted  only  once,  and  at  the  time  of  the  next  ob- 
servation the  temperature  had  recovered  itself. 

These  observations,  therefore,  may  be  thrown  together,  giving  the 

result  that  in  12  of  the  19  observations  the  food  appears  to  have  had  no 

influence  on  the  evening  fall.    Of  the  remaining  7  observations,  after 

the  supposed  influence  of  the  food  had  passed  away, — 

In  3  there  was  a  fall  of  0°-4 

„  1  „         „  0°-6 

«  2  „         „  0°*8 

„  1       „       ..       r-0 
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It  appears,  then,  that  the  foct  of  the  fall  being  in  the  majority  of 
cases  independent  of  the  food,  is  presumptiye  evidence  that  the  fall 
which  occurred  on  some  occasions  after  11  must  be  due  to  other  causes 
than  the  withdrawal  of  the  influence  of  food. 

The  Injluenee  of  Dinner  on  the  Temperature. 

Observations  made  on  the  temperature  before  and  after  dinner 
furnish  *  further  illustration  of  the  non-influence  of  food  on  the  tem- 
perature of  the  body.  If  food  can  raise  the  temperature,  we  should 
certainly  expect  this  to  occur  after  dinner,  especially  in  Mountain's  case, 
if  we  bear  in  mind  that  his  breakfast  was  so  small,  that  its  effects  on  the 
body  must  have  ceased  altogether  before  12,  his  dinner  hour ;  and  hence 
the  influence  which  food  can  be  supposed  to  exert  on  the  temperature 
would  in  his  case  be  manifest  after  dinner. 

The  appended  Tables  give  the  results  of  the  observations  made  on 
Mountain  and  Eundell.  We  have  not  restricted  ourselves  to  those  days 
when  the  temperature  was  continuously  taken  through  both  night  and 
day,  this  limitation  being  evidently  unnecessary,  but  we  have  used  all 
the  observations  made  on  these  lads.  In  every  case  their  break&st  was 
taken  at  6  a.m.,  and  their  dinner  at  12,  or  shortly  after  this. 


Name  and 
Date. 

Time 
before 

BiseorEall. 

Hourly. 

Dinner 

Time 
after 

Biseor 
FaU. 

Quantity  of 
food  taken 

dinner. 

dinner. 

at  dinner. 

Mountain. 

Dec.  14 

9tol2 

BiseO-e 

0-2 

12 

12  to  3 
3,.  6 

Bise^2 
FaU  0-4 

n     15 

10„12 

..    0^ 

0-3 

12 

12.,  3 
3.,  6 

BiBeO-2 
FaU  0-2 

n 

„   16 

9„12 

..    0 

0 

12 

12.,  3 
3„6 

FaU  0-2 
BiseO-4 

M 

»   29 

9„12 

„    0-4 

0-13 

12 

12  „  3 
3„  6 

Bise0*4 
FaU  0-8 

>t 

„   30 

9„    3 

n     0-4 

0-06 

3 

S„  6 

00 

Dinnermoderate. 

Jan.    2 

9,.  12 

»    0 

0 

12 

12..  8 
3,.  4 

Bi8e0*6 
FaU  0-4 

»» 

»     6 

9„12 

Eall  0-6 

0-2 

12 

12.,  1 
1  .,6 

Bi8e0'4 
Ii^UO-4 

FuU  dinner. 

„    12 

9„12 

»    0-2 

0-06 

12 

'i:2 

Biee0*2 
0-0 

it 

M    13 

9^12 

Atflr8tari«eof0°-2 
ftthenafaUof  O^'^ 

0-06 

12 

12  „  3 
3„6 

OO 
00 

SUght  dinner. 

„    14 

10„12 

0 

0-0 

... 

12  „  3 
3„6 

Fall  0-2 
Bi8e0-6 

FuU  dinner. 

Bimdell 

Kl. 

Jan.  6 

10  „    1 

0 

0-0 

1 

1.,  4 
4„6 

BiBeO<2 
FaU  0-2 

»» 

*  The  detaUed  obeerratione  wiU  be  found  in  the  Charta  which  give  the  diurnal 
variation  of  the  temperature  and  the  influence  of  bath  (Boyal  Society's  Archives). 
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This  Table  shows  the  results  of  eleven  observations  ;  and  we  gather 
that  the  rise  between  9  a.m.  and  12  (noon)  was  always  very  small ;  and  on 
some  days  none  took  place,  as  the  hourly  rise  during  these  3  hours  on 

4  occasions  was  nil 

1  occasion  it  was  0°-2 

1      „  n  0^-3 

1  »  „  0^-13 

2  occasions  it  was 0®*06 

In  two  instances  there  was  an  hourly  fall,  once  of  0^*2  and  once 
of  0°-6. 

We  now  add  a  Table  indicating  the  alterations  in  the  temperature 
during  three  hours  after  dinner. 

o 

On  4  days  the  temperature  rose 0*2 

„  2    „    it  fell 02 

„  2    „    it  rose 0*4 

„   1  day  it  rose  0-6 

On  two  days  there  was  no  alteration. 

So  slight  a  rise  of  0^*2  is  so  easily  produced  by  accidental  causes,  that, 
as  we  have  before  said,  it  may  be  almost  disregarded.  On  this  supposi- 
tion, then,  it  appears  that  on  six  of  the  ten  days  the  rise  was  niX  or 
practically  unappredable,  and  on  other  days  the  rise  was  very  smalL 

It  may  be  fairly  said  that  we  shall  elicit  surer  information  as  to  the 
influence  of  the  dinner,  if  we  observe  how  the  temperature  comported 
itself  between  three  and  five  o'clock,  when  the  food  influence  on  the  body 
may  be  supposed  to  be  at  the  maximum.  The  following  Table  exhibits 
the  temperature  during  these  hours,  in  the  case  of  Mountain : — 

On  2  days  the  temperature  remained  unaltered. 

„  2    „    it  fell 0-2 

M   3     „         „      0*4 

,,    Iday       „     0-8 

The  temperature  rose  on  two  days  only,  and  on  each  instance  0^*4. 

Here  we  close  our  investigations  on  the  influence  of  food  on  the  lads 
Mountain  and  Eundell.  We  cannot  absolutely  say  that  food  does  not 
in  any  case  raise  the  body  temperature ;  vet  it  is  clear  that  its  influence 
in  this  respect,  if  any,  on  persons  in  health  and  well  nourished  is  very 
slight  indeed. 

We  may  further  add  that  iJiese  observations  are  opposed  to  the  state- 
ment made  by  Dr.  John  Davy,  to  the  effect  that  a  fall  in  the  temperature 
occurs  immediately  after  food. 

We  give  a  few  further  tabular  observations  on  the  after-dinner  tem- 
perature made  on  Eedfem,  GKbbs^  Thompson,  Farmelow,  and  Games. 
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Name. 

Date. 

Dumer 
hour. 

Bise  in  t^nperature 
after  dinner. 

Bedfem 

Dec.  15 
n     21 

:.  I 

..      8 
..      9 
..    10 
„    11 

"    'I 

n        5 

,.      6 

n        7 

12 
»» 
)i 
») 
»> 
f> 
ft 
» 
>* 

H 
l» 
ft 

5h) 

0-4 
ConeUut  falL 
(H) 
0-0 
0^ 
0-0 
0-4 
02 
0-0 
0-0 
0-6 
ATerage  rise  0^18 

GibU 

Thompson 

Fanaelow ,.... 

Cbmes  

Thus  in  seven  of  these  twelre  observations  no  appreciable  rise  took 
place. 

In  five  the  temperature  rose,  the  average  rise  being  0°'4.  Breakfast 
was  taken  at  6  A.M.,  and  no  further  food  allowed  afterwards  until  12.  It 
may  be  objected,  in  respect  of  these  observations,  that  the  influence  of  the 
breakfast  had  not  passed  away  by  dinner  time,  and  that  the  temperature 
elevated  by  this  meal  was  maintained  by  the  dinner.  As  the  influence 
of  the  breakfast  may  not  have  passed  off  by  dinner  time  these  observa- 
ti(His  are  not  so  trustworthy  in  the  settlement  of  this  question  of  the 
influence  of  food  on  the  temperature  as  those  made  on  Mountidn.  We 
give  them,  however,  for  what  they  are  worth,  believing  they  serve  in  some 
d^ree  to  corroborate  our  previous  conclusions. 

It  is,  however,  right  to  refer  to  some  observations  in  which  a  very 
considerable  rise  occurred  after  a  late  breafast. 

These  were  made  on  three  persons  in  ill-health.  One  man,  35  years 
of  age,  suffered  from  hemiplegia ;  another,  32  years,  with  hemiplegia 
and  dilated  heart ;  and  the  third,  21  years  old,  was  the  victim  of  some 
obscure  disease.  His  spleen  was  very  much  enlarged,  and  he  occasionally 
passed  large  quantities  of  blood  with  his  urine.  These  patients  abstained 
from  food  from  tea  (5  p.m.)  one  day  till  breakfast  on  the  following 
day,  taken  either  at  10  A.1C  or  a  little  later. 

These  observations,  for  the  sake  of  clearness,  are  thrown  into  a  Table. 
The  first  column  shows  the  time  before  breakfest  the  temperature  was 
t^en;  the  second  gives  the  temperature  of  the  body  at  the  time  of 
commencing  each  observation ;  the  third  shows  the  amount  of  the  rise 
before  breakfast ;  the  fourth  gives  the  rise  after  breakfast ;  and  the  fifth 
column  shows  the  duration  of  the  rise. 
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Time 

Tempera- 
ture. 

Rise 

Rise 

Duration 

before 

before 

after 

of  the 

breakfast 

food. 

food. 

Bise. 

h  m 
1  15 

96-6 

§ 

12 

h  m 
45 

Bemamed  fixed. 

50 

97-4 

0-4 

1-0 

40 

Bemained  the  Bame. 

1    5 

98 

0 

0-6 

1  15 

t»            it 

45 

97 

0 

1*4 

50 

Then  feU  (PA. 

3  15 

97-6 

0 

0-4 

4  15 

1    5 

97-6 

0 

1-0 

1  25 

45 

97-6 

0 

0-2 

45 

1  10 

96-6 

0 

0-8 

1    5 

3  15 

... 

0-4 

0-8 

2  15 

Ayerage 

... 

0-09 

0-82 

1  28 

45^ 

98 

0-2 

0-8 

18 

Mary  Lyon. 

It  thus  appears  that  after  breakfast  the  temperature  of  these  men 
rose  considerably,  the  average  being  0^*8,  sufficient,  it  may  be  said,  to  show 
that  the  food  is  capable  of  causing  an  elevation  in  the  temperature  of  the 
body,  especially  as  in  many  of  the  days  no  rise  took  place  before 
breakfast,  the  temperature  having  been  taken  at  this  time  for  several 
hours. 

We  are  constrained  to  admit  that  perhaps  this  rise  in  the  axilla  was  due 
to  the  food ;  although  opposed  to  this  admission,  we  might  urge  the  fact 
that  on  three  days,  when  the  temperature  of  Jones  and  Tarves  was  taken 
during  the  morning  hours,  while  they  were  kept  fasting,  an  average  rise 
of  0^*7  occurred,  being  almost  identical  with  that  which  took  place  on 
other  days  when  they  partook  of  food. 

Assuming  that  this  rise  in  the  axilla  was  really  due  to  food.  How  was 
the  rise  caused  ?  Was  it  due  to  a  general  elevation  of  the  body  tempera- 
ture, owing  to  increased  consumption  of  the  food  ?  or  was  it  due  to  other 
causes  ?  It  could  hardly  be  due  to  increased  oxidation  of  food,  for  we 
should  expect  the  elevation  to  be  most  marked  at  the  time  during  which 
the  food  was  most  rapidly  absorbed  and  carried  to  the  tissues.  But  in 
these  men  the  rise  in  the  temperature  occurred  much  sooner  than  this, 
being  completed  on  an  average  in  an  hour  and  twenty-eight  minutes, 
and  in  several  cases  in  fifty  minutes,  in  some  even  in  thirty,  although 
there  was  a  considerable  rise  on  these  days ;  yet  at  the  time  the  influence 
of  food  would  be  expected  to  be  most  marked  the  temperature  either 
remained  unchanged  or  in  some  instances  it  even  fell. 

Further,  it  may  be  remarked  that  were  the  rise  after  breakfast  due  to 
combustion  of  the  food,  we  should  expect  that  a  similar  rise  would  occur 
after  the  dinner,  which  was  a  heartier  meal  than  the  breakfast ;  but  the 
rise  after  dinner  was  much  less  than  that  after  break&st. 
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Tasves. 

Not.  13. 

Dinner  at  1. 

No  rise. 

,.     15. 

n 

4.20. 

Eifle0«-6 

J05B8. 

o 

Not.   9. 

>f 

4.10. 

„    0-6 

,.     10. 

>f 

1.15. 

..    0-4 

,.     11. 

*t 

1.10. 

.,    0-8 

„     14. 

*f 

12.15. 

»    0-4 

n        13. 

If 

1.30. 

.,    0-4 

PSBRIN. 

It 

4.10. 

NoriM. 

Mart  Ltom. 

II 

1.30. 

BiM6-2 

ATerago 

riBO 

0-37 

ObserTataoni  continued  till  5  p.m. 

ft  °  f» 

II  O  If 

l»  5  M 

»f  5  „ 

If  6  „ 

M  5  H 

8  „ 

If  5  „ 


It  may,  however,  be  fairly  objected  to  this  argument,  that  theiniluenoe 
of  the  breakfast  on  the  body  had  not  ceased  before  that  of  the  dinner 
began,  and  that  the  dinner  prevented  the  possible  fall  after  the  break- 
fast if  dinner  had  not  been  taken. 

GThus,  to  summarize  very  generally  the  conclusions  we  have  arrived 
at : — ^There  is  a  diurnal  cycle  in  the  temperature  of  the  body,  much  more 
evident  in  young  than  in  middle-aged  or  old  people ;  in  elderly  people, 
indeed,  the  daUy  variation  is  often  very  slight,  and  sometimes  altogether 
absent ;  further,  this  diurnal  variation  is  due  to  other  causes  than  food, 
which  if  operative  in  any  degree  in  producing  elevation  of  the  tempera- 
ture, is  so,  if  at  all,  to  a  very  small  extent. 


PaetHL 

On  the  Influence  of  Cold  Baths  on  the  Temperature  of  the  Body, 

We  undertook  these  experiments  from  a  wish  to  learn  the  influence 
of  the  cold  bath  on  the  temperature  of  the  surface  and  internal  parts  of 
the  body,  and  to  ascertain  if  it  were  possible,  in.  any  degree,  to  cool  the 
whole  body ;  and  if  so,  to  what  extent  the  temperature  could  be  lowered, 
and  how  long  this  depression  would  continue. 

Our  observations  were  made  in  the  winter  months.  The  temperature 
of  the  person  fixed  upon  for  experiment  was  first  carefully  ascertained 
either  in  the  axilla,  the  rectum,  or  under  the  tongue.  He  was  then  im- 
mersed in  a  bath  of  a  temperature  of  60°  Fahr.  for  a  time  varying  from 
1  to  35  minutes  in  the  several  series  of  experiments.  The  body  was 
covered  by  the  water  up  to  the  chin.  Immediately  on  the  return  to  bed 
the  temperature  was  again  ascertained,  and  every  few  minutes  afterwards. 
In  some  instances  we  took  the  temperature  under  the  tongue  during  the 
immersion ;  but  these  notes  we  fear  are  not  quite  correct,  although  we 
spared  no  pains,  for  the  patient's  teeth  chattered  so  much  as  to  prevent 
the  steady  closure  of  the  lips. 
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We  shall  now  give  a  tabular  extract  of  the  effects  of  the  cold  bath, 
first  on  the  heat  of  the  surface,  and  afterwards  on  that  of  the  internal 
parts. 


Name. 

Time  of 
bath. 

Temp,  f eU  in 
axfllato 

Mainly  reco- 
yeredin 

Entirely  re- 
coTerea  in 

Temp,  fell 
in  mouth 
orrectimi. 

RecoTered 
in 

mins. 

o 

mine. 

minfl. 

Bedfern,  at  5  

1 

95-5 

25 

50 

1 

95 

13 

48 

5 

93-4 

67 

77 

6 

93 

48? 

80 

5 

92 

58 

123 

6 

92 

75 

120 

5 

92 

70 

75 

15 

90 

88 

98 

30 

87 

105 

125 

35 

89 

135 

135 

GibbB,  »fc.  11 

1 
1 

96 
97 

45 

48 

o 

mins. 

Thompson,  let  11... 

1 

97 

33 

60 

0 

0 

5 

95 

20 

100 

0-6 

100 

Moantain  

10 
10 

94-6 
96 

50 
22 

50 

1-8 

Legg,  ffit.  23 

Mountain,  set.  10  ... 

16 

... 

1-2 

69 

30 

••• 

2-8 

43 

1 

••• 

0-8 

70 

5 

••• 

0 

16 

... 

M 

Walker,  Kt.  48 

15 

92 

••• 

280 

11 

280 

Pupse.  set  55.... 

5 

93-6 

2-2 

2  hours  17 

^    lAA  f^VTi     «'^/Va      %^\^a  m  9  •  •  •  •  m  m 

Hilton,8et.  68   

5 

95-3 

37 

mins.^tmore^ 

This  Table  exemplifies,  as  was  to  be  expected,  that  the  cold  baths 
considerably  cooled  the  surface  of  the  body,  and  that  the  longer  the 
immersion  the  greater  was  the  depression  of  the  temperature  of  the  skin. 
Thus  this  Table  shows  that  on  some  occasions  the  temperature  of  the 
axilla  fell  to  87°  Fahr. ;  but  a  depression  so  great  occurred  only  when  the 
bath  was  continued  for  a  considerable  time,  for  a  period,  indeed,  varying 
from  15  to  35  minutes ;  and  even  this  amount  of  depression  was  of  short 
duration.  To  illustrate  this  effect  we  give  three  extracts  from  the  pre- 
ceding Table.  A  bath  of  60®  Fahr.  for  one  minute  reduced  the  tempe- 
rature of  a  child  five  years  old  to  95°  Fahr.,  but  in  13  to  25  minutes  the 
temperature  of  the  axilla  had  nearly  recovered  itself.  With  a  bath  of 
the  same  temperature  continued  five  minutes  we  reduced  the  temperature 
to  92° ;  but  in  48  to  75  minutes  after  leaving  the  bath  the  axillary  tem- 
perature had  nearly  recovered.  Nay,  even  after  a  bath  of  35  minutes 
the  temperature  only  feU  to  89°,  and  recovered  itself  in  135  minutes. 
The  greater  part  of  the  lost  heat  was  very  quickly  restored,  and  then  the 
axilla  more  slowly  regained  the  rest  of  the  lost  temperature. 

Influence  of  Cold  Baths  on  the  Temperature  of  internal  parts  of  the  Body» 
Cold  baths  reduce  the  temperature  of  internal  parts  of  the  body,  but 
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the  reduction  is  considerably  less  than  that  of  the  surface.  Thus  we 
lowered  the  temperature  under  the  tongue  or  in  the  rectum  from  0°"6 
to  2°-8  Fahr.,  the  amount  of  depression  being,  of  course,  proportional  to 
the  duration  ef  the  bath. 

The  duration  of  the  depnession  yaried  greatlj  in  diffwent  persons. 
Thus  on  some  occasions  the  lost  heat  was  restored  in  an  hour ;  in  others 
not  for  several  hours,  three,  four,  or  more ;  but  very  soon  after  leaving 
the  bath  the  greater  part  of  the  lost  heat  was  restored,  the  remaining 
slight  depression  passing  off  much  more  slowly.  Our  observations 
elicited  the  rather  curious  fact  that  the  time  the  body  takes  to  recover 
its  temperature  holds  no  relation  to  the  amount  of  depression ;  thus  in 
some  instances,  when  with  great  depression,  the  recovery  was  speedy, 
while  on  other  occasions,  with  but  slightly  depressed  temperature,  the 
recovery  was  slowly  effected. 

We  noticed,  too,  that  many  times  the  internal  parts  did  not  be- 
come cooled  under  the  actual  operation  of  the  bath,  but  the  tempera- 
ture of  the  internal  parts  fell  gradually  for  some  time  after  the  bath. 
The  explanation  we  would  offer  of  this  curious  fact  is,  that  during  the 
bath  much  heat  is  withdrawn  from  the  surface,  and  the  cold  contracting 
the  blood-vessels  lessens  greatly  the  quantity  of  blood  passing  through 
the  skin.  Heat  is  thus  not  abstracted  from  deep  parts  by  cooling  of  the 
blood,  but  simply  by  conduction.  On  quitting  the  bath,  the  blood-vessels 
of  the  skin  become  widely  dilated,  and  the  blood  then  passing  quickly 
through  the  cold  skin  becomes  cooled,  and  reduces  the  temperature  of 
deep  parts. 

Influence  of  the  Cold  Baih  on  the  Temperature  of  the  Body  after  the 

diseantinuanee  of  the  Bath. 
We  first  give  the  hour  when  the  evening  fall  begun  on  the  bath  days : — 

Bedfem    12  to  4  p.m. 

Gibbs    3P.1C. 

Thompson    4to6  p.m. 

Mountain 6  p.x. 

On  comparing  this  Table  with  the  one  given  in  the  section  treating  of 
the  temperature  in  health,  it  will  be  foiuid  that  the  time  when  the  tem- 
perature begun  to  fall  is  much  the  same  whether  a  bath  be  given  or  not. 

Por  the  sake  of  comparison  we  put  side  by  side  the  hour  the  evening 
fall  begun  on  bath  and  non-bath  days. 

Name.  No  bath.  Bath. 

Eedfem 2  to  3  2  to  4 

Thompson  and  Mountain     4  to  7  4  to  6*. 

*  It  hitherto  eecaped  our  notice  that  the  younger  the  person  the  sooner  in  the  day 
does  the  evemng  fall  begin.  Thus  in  Bedfem  it  began  between  2  and  3,  in  Thompson 
and  Mountain  between  4  and  7,  and  in  Purse  and  Hilton  between  9  and  11. 
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Amount  of  evening  fall  on  bath  days : — 

Name.  Amount  of  falL    Obs.  oontinued  tiU 

Eedfem 2-2  12 

Thompson  and  Mountain. .         2*1  12 

We  extract  from  a  previous  section  the  amount  of  the  evening  &U  on 
non-bath  days : — 

Eedfem 2-06  12 

Mountain 2*2  whole  night 

1-8  12 

These  Tables  show  that  the  bath  exerts  no  influence  on  the  evening  fall. 
Table  of  the  hour  when  the  minimum  temperature  of  the  day  is  reached 
on  bath  and  non-bath  days,  showing  that,  in  this  respect,  cold  baths  have 
little  or  no  influence : — 

Bath  days. 

Eedfem between  5  and  8. 

Mountain  and  Thompson . .     Ijetween  10  and  12. 

Non-bath  days. 

Eedfem 6.30  to  8. 

Mountain  and  Thompson. .     9  to  12. 

PaetIV. 
Influence  of  Hot-water  and  Vapour  Baths  on  the  Temperature  of  the  Body, 
We  next  turn  our  attention  to  the  influence  of  hot-water  and  vapour 
baths  on  the  temperature  of  the  body ;  and  we  shall  first  attempt  to 
ascertain  the  influence  of  hot  Imths  on  the  temperature  of  the  body,  both 
at  the  time  of  immersion  and  during  the  rest  of  the  day.  We  have,  as 
usual,  extracted  and  tabulated  the  chief  data  from  the  charts  appended 
to  the  end  of  this  section.  The  temperature  was  obtained  by  placing 
the  thermometer  under  the  tongue  while  the  person  was  in  the  bath. 
The  method  of  taking  the  temperature  is  always  noted  in  the  charts. 


Temp,  of 
bath. 

Time 

Eiseof 

Ereninff 
faU^ 
temp, 
begun. 

Amount 

Obeerva- 

Min. 

Name. 

Date. 

m 

temp,  of 

of  even- 

tionscon* 

temp. 

bath. 

the  body. 

ing  fall. 

tinned  to 

reached. 

10§         o 
105  to  108 

mins. 

ii- 

P.M. 

f-8 

P.M. 

P.1C 

Mountam,  »t.  10... 

Dec.  21 

20 

12 

12 

10 

Jan.    1 

24 

4-6 

20 

Allni^t. 

11 

»       3 

97  to  101 

134 

1-8 

5&8 

2-6 

11 

,,       4 

99  to  103 

40 

2-6 

8 

2-2 

11 

„       5 

99  to  101 

46 

1-8 

6 

2-2 

>t 

12 

ThomDflon 

Deo.    6 

::  1? 

100  to  103 

105 

106  &  107 

20 
25 
15 

10 
1-6 
2-8 

5 
6 

7 

2-0 
1-4 
1-4 

12 
12 
12 

11 

9 

10 

Rimddil 

Byman,  ffit25  

„     19 

105 

20 

3-4 

9 

22 

12 

11 

.,     20 

105 

20 

4-6 

... 

1-6 

12 

..     21 

Hot 

20 

1-8 

1-2 

12 

»     22 

105 

20 

2-8 

... 

1-8 

12 

Tarres^nt.  32   

107  to  109 

40 

4-6 

Luff,  iBt.  16  

Jan.  22 

106 

87 

3-6 

* 
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From  this  Table  we  learn  that  in  all  cases  the  temperature  of  the  body 
rose  in  the  hot  bath,  this  elevation,  as  might  be  expected,  varying  with 
the  temperature  and  duration  of  the  bath.  It  varied  from  1°  Fahr.  to 
4^'6  Fahr. ;  or,  to  put  it  in  another  and  more  striking  way,  we  raised  the 
body  temperature  to  103^  and  104°  Fahr.,  a  severe  fever  height.  Is  it  pos- 
sible to  bring  l^e  temperature  of  the  body  to  that  of  the  bath  ?  As  it  is  im- 
possible to  remain  in  a  very  hot  bath  sufficiently  long  to  enable  us  to  deter- 
mine this  question,  we  must  examine  those  experiments  in  which  the 
temperature  of  the  bath  vras  not  very  high.  We  were  compelled  in  a 
short  time  to  discontinue  the  experiment  with  a  very  hot  bath  on  account 
of  the  great  weakness  induced  by  it.  Yet  as  the  temperature  continued 
to  rise  so  long  as  the  patient  remained  in  the  hot  water,  it  is  probable 
that,  if  adequate  time  could  have  been  aUowed,  the  temperature  of  the 
body  would  have  become  identical  with  that  of  the  bath. 

The  charts  show  that  a  bath  of  moderate  temperature,  as  101^  to 
102^,  will  raise  the  body  temperature  to  that  of  the  bath.  Whilst 
malriTig  several  of  these  series  of  observations  the  bath  temperature  was 
recorded  simultaneously  with  the  temperature  of  the  body,  and  the 
figures  are  given  in  the  charts,  as  with  Mountain  on  Jan.  3rd,  4th,  and 
5th,  and  with  Mooney  and  LufE  on  Jan.  22nd.  Thus  it  is  clear  that  the 
temperature  of  the  body  may  be  raised  to  that  of  a  bath  at  101^8. 

Influence  of  HoUwater  Bath  on  the  Temperature  of  the  Body  during  the 
rest  of  the  day  after  the  Bath. 

The  evening  &11  begun  in  Mountain,  Thompson,  and  Bundell  between 
5  pjc.  and  8  p jf . 

The  average  diurnal  variation  of  all  the  observations 

in  the  above-named  lads,  aU  about  the  same  age,  was . .  1^*9  Fahr. 
Of  Mountain  alone 2***1      „ 

The  minimum  temperature  of  the  day  of  these  three  lads  was  reached 
between  9  and  11  p.x.,  the  average  time  being  10. 

If  these  results  are  compared  with  those  obtained  from  the  observa- 
tions made  on  the  same  lads  on  the  bathless  days,  it  will  be  seen  that 
the  two  sets  of  figures  entirely  agree ;  that,  in  &ct»  hot-water  baths, 
except  at  the  time  of  immersion,  exert  no  infiuence  on  the  body 
temperature. 

On  the  Influence  of  Hot-vapour  Baihs  on  the  Temperature  of  the  Body. 

The  temperature  of  the  body  is  always  raised  by  the  hot-vapour  bath, 
the  amount  of  elevation,  as  might  be  expected,  being  proportionate  to  the 
heat  and  duration  of  the  bath,  as  shown  in  the  following  Table  :*» 
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Breathed  the  steam  of  the  bath. 


Name. 


Mocmey. 


Church 


Luff  ... 


Demp.  ofbody 
before  bftth. 

Baifled  during    Annoant  of 
bath  to           eletation. 

In 

1teip.of 

e 

o                      • 

mina. 

0 

98 

101-4             8 

26 

103 

, . 

100-2 

,  , 

101? 

98-8 

96-6              0-8 

38 

100 

98-4 

100                 1-6 

64 

9rmad98» 

98-8 

100-4              1-6 

28 

90°  to  94'» 

Bieatiied  air  of  outer  room. 

,  , 

101 

.. 

103°  to  105<» 

In  some  of  the  obs^rations  we  have  stated  only  the  time  occupied 
in  e&eting  the  rise,  as  on  these  days  the  bath,  before  it  was  enteored, 
was  first  heated  to  the  temperature  at  which  it  was  maintained ;  while 
on  the  other  days  the  bath  was  entered  immediately  the  steam  was 
tun^d  on,  being  thus  occupied  while  the  temperature  of  the  room  was 
rising. 

These  experiments  enable  us  to  learn  the  n^idity  with  which  the  body 
may  lose  heat ;  for  as  the  body  of  the  person  experimented  upon  was 
heated  considerably  higher  than  could  be  maintained  by  physiological 
processes,  so  this  unnatural  eleyation  is  speedily  lost  by  evaporation, 
radiation,  and  conduction.  As  the  loss  of  heat  sustained  yaried  with 
the  temperature  to  which  the  body  was  raised,  we  shall  speak  first  of  the 
cooling  oi  the  body  from  a  high  temperature,  and  next  from  a  tempera- 
ture a  little  aboye  that  of  health.  It  was  found  that  heat  was  mudi 
more  quickly  lost  under  the  first  than  under  the  latter  conditions. 

We  now  giye  a  Table  to  show  the  rapid  loss  of  heat  when  the  tempe- 
rature of  the  body  has  been  raised  considerably,  for  instance  to  102^  and 
104^Fahr.:— 

Name.  Date.  Fall.        in 

Mountain Dec.  21  2*2  10  minutes. 

Eundell    Dec.  21  1-8  10       „ 

Eyman Dec.  18  3*0  18       „ 

„     Dec.  22  2-2  8       „ 

Mooney    Jan.  18  1*4  10       „ 

A  degree  of  heat  was  thus  lost  in  4'7  minutes.  As  an  interval  d  fiye 
minutes  sometimes  elapsed  between  the  testings,  we  can  hardly  speak 
with  the  exactness  indicated  by  the  figures.  It  is  better  to  say  the  body 
may  lose  a  degree  of  heat  in  less  than  fiye  minutes. 

The  following  Table  shows  that  the  loss  of  body  heat  is  much  less 
rapid  when  the  body  is  less  heated,  one  degree  being  lost  in  40  minutes:— 
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After  hot-water  bath. 
Kftme.  Date.       FtJlfrom       of  in 

Jan,  18  ioo  &6  87  minutet. 

Mofontain  ..        Deo.  21  100  0*6  18      ^ 

Jan.    1  100  0-6  20      „ 

BondeU  ....        Dec.  21  100  0*8  20      ,, 

Thompsoii  . .         Deo.    6  100  0*6  25      „ 

Byman    ....        Dec.  21  100*2  1-0  67      „ 

After  hot-Tapour  bath* 

Mooney  99*4     0*6  33  minutet. 

100       0*6  36      „ 

»        100-4     1-2  42      „ 

Luff 100        0*6  16      „ 

Church    100*4     0*6  20      „ 

Can  the  figures  last  giyen  be  accepted  as  about  the  usual  rate  at  which 
heat  is  lost  by  the  body  in  health  ? 

We  shall  now  try  to  ascertain  the  source  of  this  increase  of  body  heat 
under  a  warm-water  or  hot-yapour  bath. 

Our  experiments  with  rapour-baths  afford  the  more  complete  solution ; 
and  the  following  remarks  will  be  limited  to  them,  though  it  is  evident 
that  they  will  also  hold  good  in  the  case  of  hot-water  baths. 

I%is  increase  in  the  heat  of  the  body  may  be  due  to 

1.  Accumulation  of  heat  in  the  body. 

2.  Absorption  of  heat  from  the  bath. 

3.  Both  of  these  circumstances. 

Some  of  the  increased  heat  was  undoubtedly  due  to  an  accumulation 
of  heat  in  the  body. 

It  is  eyident  that  a  person  in  a  hot-yapour  bath  6t  the  temperature  of 
the  body,  and  when  breathing  the  steam,  could  lose  no  heat  by  eyapo- 
ration  or  radiation  or  conduction,  the  only  means  of  withdrawing  heat 
from  the  body.  If  the  production  of  heat  is  not  diminished  pari  passu 
with  its  loss  from  the  body,  then  heat  will  accumulate,  and  the  tempera- 
ture of  the  body  will  be  raised. 

Two  obseryations  show  this  to  be  the  case.  Thus  with  Mooney  on 
Jan.  29th  and  Church  on  Jan.  22nd  the  temperature  of  each  respectiyely 
was  raised  to  100^  and  100^*4,  while  the  bath^was  neyer  more  than  the 
temperature  of  their  bodies.    We  show  this  in  a  Table : — 

'^—       "^L^l^     '^''  f^-  1^^  of  baa.. 

Mooney..        9§*4  36  mins.  100    a  1*6        9?  and  ol 

Church  ..        98*8  24     „  100*2-1*4        highest  94 
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Here  it  was  impossible  that  the  heat  which  raised  the  temperature  of 
the  body  could  be  obtained  from  the  bath,  itself  never  hotter  than 
the  bodies  of  the  boys  before  undergoing  the  experiment.  If  the  for- 
mation of  heat  was  lessened  so  as  exactly  to  meet  the  diminished  loss  by 
conduction  and  radiation,  the  heat  of  the  body  would  have  continued  at 
the  same  point ;  but  this  was  not  the  case,  and  thus  it  appears  that  the 
formation  of  heat  cannot  be  suddenly  lessened  to  such  an  amount. 

Thus  the  increased  heat  of  the  body  ensuing  from  a  vapour-bath  is 
certainly  in  part  due  to  accumulation  of  heat,  which  under  other  cir- 
cumstances is  lost  by  evaporation  and  radiation.  Is  all  the  heat  imparted 
to  the  body  by  the  vapour-bath  to  be  accounted  for  in  this  way  ?  Some 
part  must,  in  the  nature  of  things,  be  absorbed  from  the  bath,  and  is 
evidenced  in  our  experiments,  the  elevation  being  too  rapid  to  be  caused 
solely  by  an  accumulation  of  heat  in  the  body. 


May  8,  1877. 

Dr.  J.  DALTOiN  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  Eight  Hon.  Lord  Coleridge  and  the  Eight  Hon.  Sir  Henry 
Bartle  Edward  Frere,  K.C.B.,  whose  certificates  had  been  suspended  as 
required  by  the  Statutes,  were  balloted  for  and  elected  Fellows  of  the 
Sodety. 

'  In  pursuance  of  the  Statutes,  the  names  of  the  Candidates  recom- 
mended for  election  into  the  Society  were  read  from  the  Chair  as 
follows : — 


Prof.  James  Dewar,  M.A. 

Sir  Joseph  Fayrer,  M.D.,  K.C.S.I. 

Eev.    Norman    Macleod    Ferrers, 

M.A. 
Thomas  Eichard  Eraser,  M.D. 
Brian  Haughton  Hodgson,  F.L.S. 
John  W.  Judd,  F.G.S. 
William    Carmichael    Mcintosh, 

M.D. 


Eobert  M'Lachlan,  F.L.S. 
Prof.  John  William  Mallet,  Ph.D. 
Henry  B.  Medlicott,  M.A. 
Henry  Nottidge  Moseley,  M.A. 
Prof.  Osborne  Eeynolds,  MjL. 
William  Eoberts,  M.D. 
Prof.  James  Thomson,  LL J). 
Prof.  William  Turner,  M.B. 


The  f oUowing  Papers  were  read : — 
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I.  *'  Further  Observations  on  the  Modification  of  the  Excitability 
of  Motor  Nerves  produced  by  Injury.''  By  George  J. 
Romanes^  M.A.,  P.L.S.  Communicated  by  Prof.  Bubdon 
Sanderson,  M.D.,  LL.D.,  P.R.S.     Received  April  11,  1877. 

In  my  former  paper  on  this  subject*  I  showed,  among  other  things, 
that  injury  of  a  motor  nerve  is  attended  with  a  very  marked  and  peculiar 
alteration  in  its  relative  excitability  towards  the  stimuli  which  are 
respectively  supplied  by  closing  and  opening  a  voltaic  circuit.  In  the 
present  paper  I  propose  to  detxdl  the  results  which  have  been  obtained 
by  continuing  this  line  of  research ;  and,  in  order  to  render  them  more 
easily  intelligible,  I  shall  begin  by  briefly  restating  such  of  the  previous 
results  as  form  the  basis  of  the  present  ones. 

It  will  be  remembered,  then,  that  my  method  of  experimenting  was  as 
follows.  Having  pithed  a  frog  and  laid  it  on  a  frog-board  in  such  a 
position  that  one  of  the  hind  legs  should  hang  over  the  edge  of  the  board, 
I  divided  the  tendo  Achillis,  dissected  out  the  gastrocnemius  as  far  as  its 
point  of  origin,  and  removed  the  tibia  just  below  the  knee.  The  exposed 
though  uninjured  gastrocnemius  was  then  laid  with  its  flat  surface  on 
non-polarizable  electrodes,  in  such  a  way  that  while  one  electrode  supported 
the  extreme  tarsal  end  of  the  muscle,  the  other  supported  its  extreme 
femoral  end.  By  means  of  a  rheochord  it  was  then  ascertained  what 
strength  of  voltaic  stimulus  the  muscle  required  to  give  its  earhest 
response,  (a)  to  the  anodic  t  make,  (6)  to  the  kathodic  make,  (c)  to  the 
anodic  break,  and  {d)  to  the  kathodic  break.  It  will  be  remembered  that, 
under  these  circumstances,  "the  muscle  is  usually  more  sensitive  to 
minimal  stimulation  supplied  by  closure  of  the  constant  current  when  the 
femoral  end  rests  on  the  kathode  [case  (&)],  than  when  this  end  rests  on 
the  anode  [case  (a)].  Conversely,  under  similar  circumstances,  the 
gastrocnemius  is  more  sensitive  to  minimal  stimulation  supplied  by 
cptTihig  of  the  constant  current  when  the  femoral  end  rests  on  the  anode 
[case  (c)],  than  when  this  end  rests  on  the  kathode  [case  (<f)].  In  view  of 
the  other  facts  of  electrotonus  the  present  ones  are  of  interest,  because, 
as  the  sciatic  nerve  enters  the  gastrocnemius  near  the  femoral  end  of  the 
latter  and  then  spreads  out  its  peripheral  ramifications  as  it  advances, 
in  the  experiments  just  mentioned  one  electrode  is  in  almost  immediate 
contact  with  the  nerve-trunk  where  it  enters  the  muscle,  while  the  other 
dectrode  supports  the  part  of  the  muscle  that  contains  only  peripheral 

•  Proc  Boy.  Soa,  May  4, 1876. 

t  Throughout  this  paper  I  shall  deaigDate  the  direotion  of  the  Toltaio  current 
through  the  gaatrocnemius  hj  employing  the  terms  "  anodic  **  and  "  kathodic  "  with 
reference  to  ^hid  femoral  end  of  the  muscle,  «.  e,  where  thfe  nerre-tnmk  first  enters  the 
bitter.  Thus,  for  instance,  '*  anodic  make**  means  closure  of  the  current  in  a  direction, 
descending  from  the  femoral  to  the  tarsal  end  of  the  gastrocnemius. 
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nervous  elements.  It  is  therefore  to  be  expected,  upon  the  theory  of 
electrotonus,  that  the  muscle  under  these  conditions  should  prove  itself 
most  sensitive  to  the  closing  excitation  when  the  nerve-trunk  rests  on 
the  katiiode,  and  most  sensitive  to  the  opening  excitation  when  the 
nerve-trunk  rests  on  the  anode 

'*  If  the  gastrocnemius  of  a  frog  be  placed  on  non-polarizable  electrodes 
in  the  position  just  described,  and  if  care  has  been  taken  not  to  injure 
the  attached  sciatic  nerve,  I  find  that  upon  now  dividing  this  nerve,  either 
near  or  just  within  the  muscle,  remarkable  alterations  ensue,  not  only,  as 
is  already  kno^n,  in  the  general  sensitiveness  of  the  muscle,  but  also,  and 
more  particularly,  in  its  relative  sensitiveness  to  make  and  to  break  of 
the  current.  .  .  .  For  just  as  before  cutting  ihe  normal  sensitiveness 
of  the  muscle  is  greatest  to  the  closing  excitation  when  its  femoral  end 
(or  uninjured  nerve-trunk)  rests  on  the  kathode,  and  most  sensitive  to 
the  opening  excitation  when  this  end  rests  on  the  anode,  so,  after  the 
general  sensitiveness  has  been  exalted  by  cutting,  the  exdUation  shows 
itself  in  a  far  higher  degree  to  the  closing  excitation  when  the  femcnral 
end  (or  severed  nerve-trunk)  rests  on  the  kathode,  and  to  the  opening 
excitation  when  this  end  rests  on  the  anode.'' 

Having  thus  described  the  qualitative  effects  of  nerve^jury  in  relation 
to  electrotonus,  my  former  paper  went  on  to  describe  also  the  quantitative 
effects  ;  but  for  my  present  purpose  it  is  unnecessary  to  quote  the  latter. 
For  having  observed  that  the  particular  effects  of  nerve-injury  which  I 
was  investigating  decreased  with  great  rapidity  after  the  first  infliction  ot 
the  injury,  I  deemed  it  desirable  to  confirm  the  quantitative  results 
abready  published  by  employing  a  more  rapid  method  of  varying  the 
intensity  of  the  voltaic  current.  Accordingly,  instead  of  using  tiie  rheo- 
chord,  I  introduced  into  tiie  exciting  circuit  a  rheostat  consisting  of  a  long 
U-tube  charged  with  dilute  solution  of  sine  sulphate.  Into  each  leg  of 
the  TJ-tube  there  dipped  a  sine  rod  of  the  same  length  as  the  tube.  These 
two  rods  formed  part  of  the  circuit,  and  as,  by  means  of  an  appropriate 
mechanical  arrangement  which  need  not  be  described,  they  could  be  slid 
up  and  down  the  legs  of  the  tube  witk  great  &cility,  the  resistance 
offered  by  the  tube  could  thus  be  varied  with  great  rapidity. 

In  some  other  respects,  also,  I  changed  the  method.  Instead  of  non- 
polarizable  electrodes  I  used  platinum  plates  measuring  4  millims.  across. 
Also,  in  order  to  estimate  the  maximum  effect  produced  by  nerve-injury  in 
each  of  the  four  cases  (a),  (6),  («),  and  (cQ,  I  only  made  one  comparative  ob* 
servation  on  every  musde  I  employed.  That  is  to  say,  if  I  wished  to  ascer- 
tain the  maximum  degree  in  which  the  excitability  of  a  nerve  is  increased  by 
section  in  any  one  of  these  four  cases,  I  began  by  observing,  in  the  unin- 
jured nerve,  the  maximum  number  of  Ohm's  units  of  resistance  which  I 
could  afford  to  throw  into  the  U-tube,  so  as  only  just  to  procure  a 
response  to  the  make  or  break  stimulus  as  the  case  might  be.  Having 
notedythis,  I  raised  the  sliding  rods  to  the  top  of  the  U-tube,  so  as  to 
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throw  in  tiie  entire  resistani^  of  whkh  ^e  tube  was  ci^ble,  t.  e,  a  greater 
resistance  than  could  possibly  be  required  to  cause  Tninimal  stimulation 
in  the  next  stage  of  the  experiment.  I  now  cut  the  gastrocnemins  through 
at  its  extreme  femoral  end ;  and  the  same  instant  that  I  did  so  1  begin 
rapidlj  to  pass  the  sliding  rods  down  the  U-tube  with  one  hand,  while 
with  the  other  hand  I  closed  and  opened  the  current  a  number  of  times 
in  as  rapid  succession  as  possible.  Having  observed  the  point  at  which 
the  responsive  contraction  was  first  given,  and  throwing  away  that  par- 
ticular muscle,  I  repeated  the  experiment  with  another  muscle,  and  so  on 
— never  usiug  the  same  muscle  for  more  than  one  such  observation,  and  so 
always  obtaining  a  record  of  the  maximum  increase  of  excitability  imme- 
diaiely  after  infliction  of  the  injury. 

The  results  of  a  number  of  experiments  conducted  on  this  improved 
method  confirm,  in  the  main,  those  previously  obtained.  As  before,  how- 
ever, I  encountered  immense  individual  variations  in  different  muscles^ 
and  therefore,  as  before,  I  here  select  mean  cases  for  quotation.  It  is 
only  necessary  further  to  explain  that  in  the  appended  Table  the  figures 
represent  the  number  of  Ohm's  units  of  resistance  which,  with  two  Grove's 
cells,  I  required  to  introduce  in  each  of  the  eight  cases  before  I  procured 
minimal  stimulation. 


Anodic 
make. 

Eathodio 
make. 

Anodic 
break. 

Eathodio 
break. 

Before  cutting 

After  cutting 

90,000 
140,000 

100,000 
300,000 

14,000 
195,000 

6,000 
14,000 

These  proportions,  as  already  observed,  agree  pretty  closely  with  those 
which  I  obtained  by  the  method  previously  employed.  Such  differences 
as  exist  are  to  be  explained,  partly  by  the  superiority  of  the  later  method, 
and  partly  by  the  fact  that  in  the  one  series  of  experiments  I  employed 
Rana  Umporaria,  while  in  the  other  series  I  employed  B.  esculenta — ^the 
muscles  of  the  latter  species  being  less  excitable  than  those  of  the  former. 
It  is  interesting  to  note  that  the  chief  difference  in  the  two  series  of 
results  has  reference  to  the  kathodic  make,  and  that  the  difference  is  of 
such  a  kind  as  to  render  the  degree  in  which  the  excitability  is  increased 
by  section  in  this  case  more  proportional  to  the  degree  in  which  it  is 
increased  in  the  case  of  the  anodic  break.  The  two  cases,  however,  are 
still  very  far  from  being  numerically  proportional,  the  degree  of  increase 
in  the  two  cases  being  respectively  represented  by  the  numbers  1 : 3  and 
1 :  14  (nearly).  To  explain  this  numerical  discrepancy,  therefore,  we  must 
still  resort  to  the  considerations  set  forth  in  my  previous  paper  (see  vol.xxv, 
pp.  12,  13).  I  may  here  add  that  in  some  instances  of  maximum  increase 
of  excitability,  due  to  nerve-injury,  I  have  observed  the  kathodic  make  to 
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rise  from  80,000  to  600,000  Ohms,  and  the  anodic  break  from  16,000  to 
400,000  Ohms. 

§  2.  The  rapidity  with  which  this  abnormal  excitability  declines  after 
'  the  injury  is,  as  already  stated,  considerable.    The  following  instances, 
which  refer  to  the  anodic  break,  will  serve  to  show  this : — 

Time.  Degree  of  Bxcitability  in  Ohms. 

Before  cutting    13,000 

2  seconds  aftor  cutting 280,000 

30      „  „  244,000 

1  minute  „  210,000 

2  minutes         „  170,000 

3  „  „ 150,000 

4  „  „  134,000 

6       „  „  100,000 

Another  instance : — 

Before  cutting    22,000 

2  seconds  after  cutting 300,000 

30      „              „             230,000 

1  minute          „             180,000 

2  minutes         „             160,000 

3  „  „  130,000 

4  „  „  110,000 

6       „  „  96,000 

6  „  „  80,000 

7  „  „  73,000 

8  „  „  67,000 

9  „  „  60,000 

10  „  „  64,000 

15  „  „  25,000 

20  „  „  13,000 

I  may  here  state  that  if  the  excised  gastrocnemius  be  inserted  under 
the  skin  of  a  freshly  killed  frog,  and  the  latter  be  kept  in  a  moist  cool 
place,  the  nerve  will  sometimes  retain  its  irritability  for  48  hours  or 
more — the  muscle,  when  placed  on  the  electrodes  at  the  end  of  that  time, 
still  continuing  to  respond  to  the  kathodic  make  and  to  the  anodic  break. 
But  (rf  course  a  very  much  stronger  current  is  now  required  to  produce 
these  responses  thui  was  required  to  do  so  when  the  nerve  and  muscle 
were  in  a  fresh  state. 

§  3.  A  strong  voltaic  current,  or  a  strong  induction-shock,  aUowed  to 
break  into  an  uninjured  nerve-trunk,  causes  in  the  latter  an  increase  of 
excitability  analogous  to  that  which  is  caused  by  mechanical  injury.  Thus, 
for  example,  a  momentary  exposure  of  an  uninjured  sdatic  to  the  full 
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ptrength  of  a  single  GroTe's  cell  caused  the  excitabili(7  of  the  nerve 
towards  the  breaking  excitation,  supplied  through  the  same  electro4es  bj 
a  small  Darnell's  cell,  to  rise  from  6000  to  100,000  Ohms.  Similariy  a 
strong  induction-shock  supplied  by  a  single  Grove's  cell  with  the  secondary 
ooil  at  zero,  and  thrown  in  between  the  electrodes  from  a  small  Daniell's 
cell,  caused  the  excitability  of  the  nerve  towards  a  closing  stimulus  sup- 
plied by  the  latter  to  rise  from  40,000  to  186,000  Ohms.  In  conducting 
these  experiments,  I  was  not  able  to  perceive  that  the  directum  of  the 
strong  or  injuring  current  made  any  difference  in  the  nature  of  the 
results. 

§  4.  This  concludes  my  observations  so  far  as  stimuli  (A  minimAJ 
intensity  are  concerned;  and,  at  the  suggestion  of  Dr.  Burdon-San- 
derson,  I  terminated  this  inquiry  regarding  the  electrotonic  condition 
of  injured  nerves  by  substituting  for  voltaic  stimuli  of  minimal 
intensity,  voltaic  stimuli  of  minimal  duration.  The  method  which 
I  employed  in  this  part  of  the  research  was  as  follows : — The  bog 
(B.  temporaria)  having  been  prepared  as  already  described  in  §  1, 
the  duration  of  the  voltaic  stimulus  was  graduated  hj  means  of  a 
heavy  pendulum,  which  constituted  one  pole  of  the  battery,  and  which, 
while  swinging,  made  contact  at  the  lowest  point  in  its  arc  with  the  other 
pole.  The  latter  consisted  of  a  fixed  platinum  wire  placed  vertically, 
and  the  contact  was  made  with  it  by  means  of  a  pointed  piece  of 
metal  attached  to  the  moving  pole  and  placed  horizontally.  Thus  by 
increasing  or  diminishing  the  distance  through  which  the  pendulumi 
or  moving  pole,  was  allowed  to  swing,  a  stimulus  of  any  required 
duration  could  be  supplied  to  the  musde  interposed  in  the  circuit. 
As  a  battery  I  employed  a  single  Daniell's  cell;  and,  lastly,  I  inter* 
posed  a  rheochord,  a  commutator,  and  a  key.  Such  being  the  apparatus, 
the  course  of  any  one  experiment  was  very  simple.  By  means  of  the 
swinging  pendulum,  the  uncut  muscle  was  supplied  with  a  stimulus  of 
measured  duration,  which  was  then  graduated  down  to  the  point  at  which 
the  break  of  the  current  succeeded  the  make  with  a  rapidity  just  suffi- 
dently  great  to  prevent  the  muscle  from  responding  to  either  stimulus, 
(a)  when  the  femoral  end  rested  on  the  anode,  and  (h)  when  this  end 
rested  on  the  kathode.  These  two  durations  having  been  noted,  the 
nerve  was  cut  through  at  the  usual  place,  and  the  observations  (a)  and 
(h)  repeated  as  rapidly  as  possible.  It  was  invariably  found  that  in  both 
cases  a  much  shorter  duration  of  the  voltaic  stimulus  was  required  to 
produce  minimal  stimulation  than  had  been  required  to  do  so  before  the 
nerve  was  cut,  the  inUnsity  of  the  voltaic  current,  of  course,  being  kept 
uniform  throughout. 

An  apparent  objection  to  this  method  of  experimenting  is  apt  to  sug- 
gest itself,  viz.  that  the  make  and  the  break  must  foUow  one  another 
much  too  rapidly  to  admit  of  the  observer  being  able  to  eliminate  the 
effects  of  the  former  from  those  of  the  latter  stimulus.    But,  as  a  matter 
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of  fiiet,  the  desired  elimination  is  performed  hj  the  neryo-mascnlar  tissue 
itsdf.  For  it  usually  happens  that  a  gastrocnemius  presents  some  per- 
ceptible difference  in  the  character  oi  its  contraction,  according  as  the 
latter  is  given  in  response  to  make  or  to  break  of  the  current.  Therefore, 
hj  first  ascertaining,  with  an  ordinary  key,  the  optical  appearance  which 
the  responses  to  make  and  break  respectively  present,  it  is  not  difficult 
afterwards  to  recognize  which  of  these  appearances  is  presented  by  the 
response  to  rapidly  succeeding  make  and  break  stimuli,  and  so  to  deter- 
mine which  of  these  rapidly  succeeding  stimuli  is  the  one  to  which  the 
response  is  given.  Now  I  found  in  this  way  that,  by  making  the  duration 
of  contact  sufficiently  brief,  the  nerve,  whether  or  not  injured  and  in 
whichever  direction  the  current  was  allowed  to  pass,  only  responded  to 
the  closing  stimulus.  Therefore,  by  choosing  a  strength  of  current  which, 
in  each  of  the  cases  (a)  and  (h)  before  nerve-injury,  was  just  sufficiently 
strong  to  elicit  a  response  when  the  voltaic  stimulus  was  of  t  duration  in 
the  one  case  and  t'  duration  in  the  other,  I  was  sure  that  in  each  of  the 
two  cases  the  response  which  I  obtained  was  given  to  the  closing,  and  not 
to  the  opening,  excitation.  Having  noted  the  values  of  t  and  ^,  I  divided 
the  sciatic  just  where  it  enters  the  gastrocnemius,  and  then  shortened  the 
duration  of  contact  down  to  the  point  at  which,  in  each  of  the  two  cases 
(a)  and  (5),  the  muscle  again  only  just  responded  to  the  stimulus.  Let 
these  durations  be  respectively  represented  by  T  and  T*.  As  before,  I  ascer- 
tained that  the  responses  had  exclusive  reference  to  the  closing  excitation  t 
■o  that,  by  recording  the  values  of  t,  f',  T,  T',  I  was  able  to  obtain  for 
responses  to  stimuli  of  minimal  duration  representative  numbers,  such  as 
those  in  the  former  Table,  which  have  reference  to  stimuli  of  mim'Tniil 
Intensity.  It  is  only  necessary  further  to  state  that,  as  different  gastro- 
cnemius muscles  exhibit  considerable  variations  in  the  degree  of  their 
natural  irritability  towards  voltaic  stimuli  of  short  duration,  and  as  for 
my  purposes  it  was  desirable  to  obtain  a  physiological,  as  distinguished 
from  a  physical,  basis  whereon  to  institute  my  comparisons,  in  the  case  of 
each  musde  I  began  by  graduating  the  intensity  of  the  current  down  to 
that  point  at  which  the  duration  of  contact  required  to  produce  minimal 
stimulation  before  nerve-injury  was  the  same  as  it  had  been  in  my  previous 
experiments.  Or,  in  other  words,  by  appropriately  varying  the  intensity 
of  the  current  to  suit  the  degree  of  excitability  manifested  by  each  parti- 
cular muscle  before  injury,  I  was  able,  notwithstanding  the  differences  in 
excitability  presented  by  different  muscles,  to  render  t  a  constant.  When 
this  was  done,  however,  if,  T,  and  T  were  all  found  more  or  less  variable 
in  different  muscles — as,  of  course,  we  'should  expect  from  the  analogous 
case  of  responses  to  stimuli  of  minimal  intensity.  I  therefore  tabulated 
the  results  yielded  by  twenty  gastrocnemius  muscles,  and  then  calculated 
the  average  duration  of  contact  which  in  each  of  the  cases  (a)  and  (6)  be- 
fore cutting,  and  (a)  and  (6)  after  cutting,  was  required  to  cause  tpiTiimftl 
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stiiimlatioiL*  It  is  the  averftgea  so  obtained  which  are  rendered  in  the 
following  tabular  statement  of  results  >— 


AnodiainAka. 

Kaihodio  main. 

T^fore  cuttiniy  . . .  t  . , . . , , 

•00533  sec. 
•00311  tee. 

•00439  sec. 
•00117  sec. 

Afttf  cutting 

Concerning  these  results  it  is  only  necessary  to  observe  that  there  is  a 
tolerably  close  parallel  between  them  and  those  which  were  previously 
obtained  by  employing  stimuli  of  minimal  intensity.  That  is  to  say,  in 
the  case  of  the  anodic  make  the  increase  of  excitability  due  to  injury  is» 
roughly  estimated,  in  the  proportion  of  about  3 :  5^  and  ihii  wTu^ier  such 
tMreau  is  iStimaUd  by  employing  stimiUi  of  graduated  intensity^  or  stimult 
of  graduated  duration ;  and  similarly  in  the  case  of  kathodic  make» 
though  the  proportions  here  yielded  by  the  two  methods  are  not  quite  so 
equal  as  in  the  other  case.  But  this  general  parallelism  between  the 
quantitative  results  yielded  by  the  two  methods  in  the  case  of  both  the 
closing  excitations  serves  but  to  render  more  conspicuous  ihe  difference 
in  the  results  yielded  by  the  two  methods  in  the  case  of  the  anodicf  opening 
excitation ;  for  while  in  the  first  of  the  two  methods,  viz.  that  in  which 
stimuli  of  minimal  intensity  were  employed,  it  was  found  that  after  injury 
the  excitability  of  a  nerve  towards  the  anodic-break  stimulus  is  greater 
than  it  is  towards  the  anodic-make  stimulus,  such  is  not  found  to  be  the 
case  when,  as  in  the  second  of  the  two  methods,  these  two  stimuli  are 
made  to  follow  one  another  in  very  rapid  succession.  I  can  only  explain 
this  fact  by  supposing  that,  for  the  breakiog  excitation  to  be  fully  effec- 
tual, a  certain  interval  o€  time  is  required  for  the  nerve  to  beeome 
polarized  by  the  passage  of  the  voltaic  currmt ;  and>  tbereEore,  that,  in  my 
experiments  with  currents  of  minimal  duration,  a  response  to  the  anodic 
make  was  always  given  ^dieii  a  shorter  dmation  of  the  emnaid  was  em- 
ployed than  that  wliidi  was  required  to  prodocea  lespcme  to  the  anodic 
break* 

§  4«  In  coDclasion^  I  may  state  that  tlie  period  of  latent  stimulation 
does  not  appear  to  be  pereeptiUy  albcted  by  nerve-injury* 

*  Bbto  much  ihorter  I  was  not  ablo  to  aaoertain,  from  the  fact  that  th»  contractiQa 
due  to  the  make  and  that  due  to  the  break,  when  tbey  both  occur  together,  become  so- 
blended  that  the  eye  ie  not  able  to  analyze  them  with  sufficient  precision  to  decide  at 
whalf  point  the  anodic-bieak  contraction  first  assert*  itself.  Hence  we  must  rest  satis- 
fled  with  the  genenJ  ststeoient,  that  the  munmal  anodfo-break  stimulus  is  in  some  im- 
known  dcfree  of  ImigBr  doration  than  the  minimal  asodio-make  stimulis ;  and  this 
oren  after  the  susceptibility  of  the  nerve  to  the  fcxmer  stimulus  it  so  eaormoualy  aug- 
mented hf  injury  as^  from  the  other  method  of  experimentation^  we  know  it  to  be. 
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II.  ''On  the  Temperature-correction  and  Induction-coefiScients 
of  Magnets.''  By  G.  M.  Whipple,  B.Sc,  Superintendent  of 
Kew  Observatory.  Communicated  by  Robert  H.  Scott, 
F.R.S.    Received  April  12,  1877. 

It  has  been  the  practice  at  the  Kew  Observatory  since  1856  to  deter* 
mine,  for  the  use  of  persons  about  to  make  observations  upon  terrestrial 
magnetism,  the  various  constants  of  the  magaets  and  instruments  with 
which  they  intend  to  observe ;  and  a  considerable  number  of  these  con- 
stants are  now  recorded  in  the  books  of  the  Observatory. 

Having  been  frequently  applied  to  for  information  respecting  the  con- 
stants of  magnets  and  the  method  of  determining  them,  I  have  extracted 
from  our  registers  the  values  of  the  two  most  important  constants,  vis. 
that  of  the  variation  of  the  power  of  the  magnet  under  changes  of  tem- 
perature, and  that  showing  the  effect  of  the  inductive  action  of  the  earth 
upon  the  magnets,  as  found  by  experiment.  The  results  are  given  in  the 
following  paper. 

The  magnets  experimented  upon  may  be  classed  under  six  heads  (ap- 
proximate dimensions) : — 

a.  Solid  cylinders,  3'6  inches  long,  0*3  inch  diameter. 
h.  Hollow  cylinders  (collimators),  3*65  inches  long,  0*28  inch  internal 
diameter. 

c.  Parallelopipeds  (ha,TB\  5*4  inches  long,  0*8  inch  wide,  0*12  inch 

thick. 

d.  Rhomboidal  plates  (dip-needles),  5*7  inches  long,  0*05  inch  thick. 

e.  Thin  cylinders  (enclosed  in  brass  tubes,  deflectors),  3*75  inches  long, 

0*30  inch  diameter. 
/.  Various. 

All  of  tiie  magnets  were  made  of  the  best  steel,  and  rendered  as  hard 
as  possible  before  magnetization,  which  operation  has  been  In  every  case 
carried  to  saturation. 

The  method  employed  in  determining  the  temperature-coefficient  is  as 
f  oUows : — ^The  magnet  being  firmly  fixed  in  a  water-tight  wooden  box, 
provide  with  a  thermometer,  is  placed  upon  a  frame  in  such  a  manner 
that  its  axis  shall  lie  in  the  same  horizontal  plane  with  ihe  needle  of  a 
unifilar  magnetometer,  at  a  short  distance  away,  and  adjusted  until  the 
axes  of  the  two  needles  are  approximately  at  right  angles  to  each  other, 
the  position  of  the  deflecting  magnet  being  that  which  is  designated 
by  the  Astronomer  Eoyal  as  end  on.  Warm  water  at  85^  F.  is  then 
poured  into  the  box,  and  as  soon  as  the  magnet  has  become  heated  to 
this  temperature  the  unifllar  magnet  is  brought  to  rest  and  its  position 
accurately  read  off.  The  water  at  85°  F.  is  then  removed,  and  the  appa- 
ratus being  cooled  down  to  60°  F.,  water  of  that  temperature  is  placed 
in  the  box ;  another  observation  of  deflection  is  then  made,  and  finally 
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the  experiment  is  repeated  with  water  at  35^  F.  After  this  another  seriea 
of  obeenrations  is  commenced  with  water  at  85®  F.,  60^  F.,  and  35^  F., 
and  this  is  again  repeated  once  or  twice. 

The  observations  are  first  corrected  for  changes  of  the  earth's  magnetic 
force  during  the  experiment  by  means  of  simultaneous  readings  of  the 
curves  given  by  the  self-recording  magnetometers  of  the  Observatory ; 
and  the  reduction  is  performed  according  to  the  method  given  by  the 
following  formula,  due  to  Prof.  B.  Stewart,  the  coefficients  determined 
being  q  and  ^,  which  represent  the  decrease  of  the  magnetic  moment  of 
the  magnet  produced  by  an  increase  of  temperature  of  1^  F. 

Demonstration  of  the  Formula  for  finding  Temperature-correction, 

Let  ^ sir*  sin u  be  the  normal  equation  of  equilibrium  at  temp,  t^^ 
then  t»{l  —  ^<— <o)— S^C— O'}  ^'i^'^  sin (u—c?u)  is  the  altered  equation. 
Hence  Jr^sinujl— Ac.} =^Xr*  sin  (u—<£u); 

.*.  sin  u — sin  uq{t  —  t^) — sin  uqXt  —  <^)"s»sin(u — du). 
Let  8inu(5r)=«,  emu(q')^y;  then 

a:(t'^Q+y(t^t^y^BmU''m(u'-du). 

Demonetraiion  of  the  method  of  using  the  Self-recording  Magnetographe 
in  eliminating  the  effects  of  disturbance  in  ascertaining  Temperature-' 
correction* 

(1)  Let  the  Horizontal  Force  alter; 

let  ^ss^lr*  sin  u  be  the  normal  equation, 

and  XTaX™^  ^  (u— du)  the  altered  one. 

Hence  ^ -^=5  jr*  cos  ucfu; 

hence  du=s-^tanu. 

(2)  Let  the  Declination  alter ;  the  equation  is  still  ^  s  jjr*  sin  u ;  hence 

the  angle  of  deflection  remains  the  same,  or  the  deflected  magnet  makes 
the  same  angular  change  as  the  declination  magnetograph. 

Of  the  temperature-coefficients  of  109  magnets  which  have  been  ex- 
amined, the  value  of  if  has  only  been  determined  for  79.  Taking  the 
whple  series  we  find  the  following : — 
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Mean  Talue. 

frommMU). 

Maximum. 

Minimum. 

2 

0-000161 
0-00000048 

+0-000060 
+0-00000023 

0-000762 
0-00000398 

0-000044 
0-00000001 

Subdividing  them  into  classes  we  have,  for 

Class  A.  Solid  cylinders.    20  magnets  examined. 

2' 

0-000178 
0-00000057 

±0-000048 
±0-00000027 

0-000368 
0-00000129 

0-000104 
0-00000011 

Class  B.  Collimators.    46  magnets  examined. 

2 

a' 

0-000161 
0-00000043 

±0-000043 
±0-00000016 

0-000399 
0-00000082 

0-000093 
000000004 

Class  C.  Bars.    7  magnets  examined. 

2 
2' 

0-000171 
0-00000064 

±0-000068 

0-000286 

0-000103 

1 

Class  D.  Dip-needles.    11  magnets  examined. 

2 
2* 

0-000073 
0-00000023 

±0-000027 
±0-00000018 

0-000132 
0-00000054 

0-000044 
0-00000001 

Class  J>.  (Between  temperatures  10°  and  60°  F.) 

2 

0-000095 

±0-000038 

0-000164 

0-000054 

Digitized  by 


Google 


1877.] 


and  Induction-^xtefidenU  of  Mcynett. 


221 


Class  K  Deflectors. 

2 

0-000197 

+0-000044 

0-000254 

0-000111 

Class  E.  Deflectors  (between  temperatures  10°  and  60°  F.).  ~ 

i 

0000161 

±0-000064 

0-000323 

0-000091 

Class  F.  Yarioos  magnets. 

0-000418 
0-00000157 

0-000762 
0-00000398 

0-000193 
0-00000020 

Iiidxtciionr-coeffietenU, 

The  indaction-coefficient  is  detennmed  from  obserrstioiis  of  deflect 
tion  made  after  the  well-known  method  of  Lament,  the  magnet  being 
alternately  placed  with  its  north  pole  upwards  and  downwards,  but  at 
tiie  same  distanoe  from  a  suspended  needle,  the  difference  in  the  amount 
of  deflection  of  the  latter  in  the  two  positions  determining  the  effect  o( 
l^e  earth's  inductive  action  upon  the  magnet. 

The  formula,  differing  slightlj  from  Lament's,  employed  in  the  reduc- 
tion, and  of  which  the  following  is  a  demonstration,  is  due  to  the  late 
Mr.  John  Welsh,  r.E.S.  :— 

(1)  It  is  assumed  that  the  induction  produced  by  the  inducing  action 
of  the  earth's  magnetic  force  is  distributed  in  the  same  manner  throughout 
the  bar  experimented  upon  as  its  permanent  magnetism. 

Let  /issthe  increase  of  the  moment  of  the  magnetic  bar  produced  by 
the  action  of  an  inducing  force  =  unity. 
Maethe  magnetic  moment  of  the  permanent  magnetism  of  the  bar. 
X=shorizontal  component  of  the  earth's  force. 
Yssyertical  component  of  the  earth's  force. 
0=sangle  of  deflection,  north  end  of  bar  downwards, 
^'xsangle  of  deflection,  north  end  of  bar  upwards, 
usangle  of  deflection  when  the  bar  is  used  as  an  ordinary  deflector 

at  1  foot  distance. 
«=smagnetic  dip. 

(2)  If  e  be  a  constant,  and  m  the  magnetic  moment  of  the  suspended 
needle,  cMm  may  be  taken  to  represent  the  attraction  of  the  bar  (disre- 
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garding  induced  magnetism)  upon  the  suspended  needle ;  then,  as  the  line 
joining  the  centres  of  the  two  magnets  is  in  every  part  of  the  observation 
approximately  at  right  angles  to  the  suspended  needle,  it  follows  from 
(1)  that  the  attraction  of  the  bar  will  be  proportional  to  its  magnetism. 
Hence  in  the  north  end  downwards  the  equation  of  equilibrium  will  be 

<j(M4-Y;i)=Xsin0, 
and  with  the  north  end  upwards 

c(M-Y/i)=Xsin^'. 
Hence  2(;Y^aiX(sin  ^  —  sin  ^'), 

2cM  s  X(8in  0 + sm  0'). 


Hence 


Y 


sin  ^— sin  ^'    tan  j(^— ^') 
sin^+sii)^'    tani(^+^')' 


and  since  YaXtant, 


M     tani|(^— ^')     sin_tttanj(j— y ) 
^■*tantXtanJ(V4-0')    2tanitanJ(04-^T 

From  the  values  of  observations  made  at  the  Observatory  with  W 
magnets,  all  belonging  to  Classes  A  and  B,  we  find — 


Mean  value. 

Average  difference 
from  mean. 

Maximuf". 

Minimum. 

M 

0-000207 

±0000035 

0-000420 

0-000080 

III.  '^  Distribution  of  the  Radicals  of  Electrolytes  upon  an  In- 
sulated Metallic  Conductor.^'  By  Alfred  Tribe,  Lecturer 
on  Chemistry  in  Dulwich  College.  Communicated  by  Dr. 
Gladstone,  F.R.S.     Received  April  19,  1877. 

Among  other  facts  demonstrated  in  my  communication  to  the  Royal 
Society  in  January  1876  (Proc.  Roy.  Soc.  vol.  xxiv.  p.  308),  it  was  shown 
that  a  rigid  conductor,  when  placed  lengthwise  between  the  electrodes  in 
a  fluid  in  the  act  of  electrolysis,  becomes,  with  sufficient  battery-power, 
endowed  with  the  power  of  doing  chemical  work  similar  in  kind  to  the 
battery-electrodes  themselves.  This  phenomenon,  it  was  contended,  was 
explicable  on  the  view  which  regards  an  electrolyte  as  a  dielectric,  with 
the  additional  function  of  being  capable  of  mutually  exchanging  its  con- 
stituents in  the  act  of  depolarization — a  conception  which  induced  the 
quantitative  experiments  detailed  below. 
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Distribution  of  the  Positive  Radical  on  the  end  of  an  insulated  stnjt  of  metal 
facing  the  Positive  Electrode. 


For  these  experiments  a  5-per-cent.  solution  of  copper  sulphate 
employed,  aud  a  glass  trough  30  centimetres  long  by  13  centimetres 
broad  and  12  centimetres  deep.  In  each  experiment  a  strip  of  silver 
plate  about  the  thickness  of  writing-paper  was  placed  lengthwise  mid- 
way between  the  electrodes,  and  allowed  to  remain  immersed  in  the 
electrolyzing  fluid  for  one  hour,  the  battery-power  being  5  cells  of  Grove. 
In  experiments  1  and  la  the  strips  were  similar,  being  1  decimetre  long 


and  1  centimetoe  wide.  In  experiment  2  the  strips  were  of  the  same 
width,  but  4  millims.  longer,  2  miUims.  at  each  end  being  covered  with 
varnish,  with  the  object  of  eliminating  the  action  of  the  end  surfaces. 
Successive  lengths  of  2  millims.  exactly  were  cut  off  after  the  action,  and 
the  copper  thereon  was  determined  by  the  cyanide  of  potassium  and  am- 
monia method.  One  centimetre  of  the  cyanide  solution  was  equivalent 
to  'OOSOQ  gram  of  copper.     The  results  were  as  under : — 


Tinngtlis  of  2  millims. 
oommenoing  at  the  end 
facing  the  +  electrode. 

Cubic  centimetres  of  KOj  used. 

1. 

la. 

2. 

1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 
10. 
.11. 

72 
6-0 
4-0 
31 
2-9 
21 
1-9 
1-6 
11 
0-6 
trace. 

7-3 
4-4 
3-6 
31 
2-4 
2-3 
1-8 
1-4 
1-2 
0-5 
0-0 

6-4 
42 
3-6 
2-8 
2-4 
2-3 
1-4 
1-3 
10 
0-6 
0-0 

Digitized  by  VjOOQ IC 


224 


Mr.  A.  Tribe  an  the  Distribution  of 


[Mays, 


It  is  apparent  from  the  numbers  that  there  is  a  considerable  accumu- 
lation of  the  positive  radical  (and  hence  it  may  be  concluded  of  negative 
electricity)  at  the  extremity  of  the  strip  in  proximity  to  the  positive  elec- 
trode, and  that  this  gradually  diminishes  until,  at  a  distance  of  22  millims. 
from  the  end,  it  becomes  too  small  for  estimation.  The  relatively  small 
number  in  the  first  line  of  experiment  2  shows  the  influence  of  the  end 
surface. 

The  subjoined  Table  exhibits  the  results,  showing  the  distribution  upon 
a  diamond-shaped  strip  (1  decimetre  in  its  longer  and  1  centimetre  in  its 
shorter  diagonal)  placed  lengthwise  under  similar  conditions : — 


Lengthiof2iiullimi. 

^^1^^^" 

8. 

8c 

1. 

2*6 

8-1 

3. 

2^ 

1-7 

a 

1-4 

1^ 

4. 

1-6 

1-7 

5. 

2-1 

1-8 

6. 

1-9 

2^1 

7. 

20 

1-4 

8. 

1-7 

la 

9. 

1-3 

1-3 

10. 

1-0 

1-2. 

11. 

10 

0-6 

12. 

0-4 

OO 

It  is  worthy  of  notice  that  the  positive  radical  is  detectable  at  a  some- 
what greater  distance  from  the  point  of  the  rhombus  than  from  the  end 
of  the  rectangular  strips. 

The  area  of  the  first  2  millims.  of  the  rhombus  equals  0*4  square 
millim.  Calculating  the  copper  on  the  first  2  millims.  of  the  rectangular 
strip  for  an  equal  area,  the  accumulation  on  these  areas  is  shown  to  be 
greater  on  the  rhombus  in  the  ratio  of  20  to  1.  This  iUustrates  to  a  con- 
siderable extent  the  power  of  the  more  pointed  conductor  in  storing  up 
the  radical. 


Distrthution  of  the  Negative  Radical  on  the  end  of  the  conductor  facing  the 

Negative  Electrode. 

For  this  a  cylinder  of  pure  copper,  1  decimetre  long  and  1  centimetre 
in  diameter,  was  placed  lengthwise  in  the  trough  containing  a  5-per-cent. 
solution  of  copper  sulphate,  its  position  being  similar  to  that  of  the  silver 
strip  in  the  previous  experiments.  The  end  of  the  cylinder,  whidi  was 
so  placed  as  to  be  eaten  away  in  the  experiment,  was  made  up  of  sections 
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of  3  minims,  each  screwed  together.  The  first  cylinder  had  six  and  the 
other  two  twelve  divisions  each.  The  amount  of  action  was  found  bj 
weighing  the  sections  before  and  after  subjecting  the  cylinder  to  the 
action  of  the  electrolysing  fluid. 

In  experiment  4,  three  cells  of  Grove  were  used,  the  time  being  two 
hours ;  in  experiment  5,  five  cells  for  one  hour ;  and  in  6,  ten  cells  for 
one  hour. 


Ko.  of  Mction,  ooonting 

firom  the  end  opposite 

the  negative  pole. 

Weight  in  grama  of  copper  diBsolyed. 

4. 

6, 

6. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 

•0923 
•0532 
•0368 
•0343 
•0286 
•0241 

•0936 
•0428 
•0326 
•0277 
•0226 
•0184 
•0164 
•0138 
•0120 
•0100 
•0084 
•0062 

•1690 
•0982 
•0746 
•0668 
•0507 
•0464 
•0391 
•0341 
•0271 
•0280 
•0202 
•0168 

In  experiment  4,  signs  of  corrosion  were  noticeable  to  48  millims.  from 
the  end  of  the  cylinder,  while  the  deposit  of  copper  reached  46  millims. 
from  the  other  end.  In  experiment  6,  corrosion  was  noticeable  also  to 
48  millims.  from  the  one  end,  and  deposition  to  46  millims.  from  the 
other  end.  Erom  this  it  would  appear  that  the  electro-negative  radical 
spreads  over  a  greater  sur&ce  than  does  the  positive  radical,  or  that  the 
neutral  line  is  not  in  the  middle  of  the  cylinder,  but  somewhat  removed 
towards  the  negative  end,  that  is,  where  the  deposition  of  the  positive 
radical  takes  place.     I  hope  to  return  to  this. 

The  numbers  in  the  columns  1,  la,  and  2  may  be  taken  as  showing 
approximately  the  distribution  of  the  positive  radical  or  negative  elec* 
tridty  on  the  respective  silver  strips,  and  the  numbers  in  5  and  6  that 
of  the  negative  radical  or  positive  electricity  on  the  copper  cylinders, 
which  facts,  graphically  represented,  give  figures  as  in  the  diagram. 

The  Society  adjourned  over  Ascension  Day,  to  Thursday,  May  17. 


VOL,  XXYI. 


Digitized  by  VjOOQ  IC 


226  On  Hyperjacobian  Surfaces  and  Curves.        [May  17^ 

May  17, 1877. 

Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  receired  were  laid  on  the  tabid,  and  thanks  ordered  for ' 
them. 

The  following  Papers  were  read : — 

I.   ''On  Hyperjacobian   Surfaces  and  Curves/'      By  William 
Spottiswoode,  M.A.,  Treas.R.S.     Received  April  23, 1877. 

(Abstract.) 

In  a  paper  published  in  the  *  Mathematische  Annalen '  (vol.  iiL  p.  459) 
Brill  has  discussed  the  question  of  curves  having  three-point  contact 
with  a  doubly  infinite  pencil  of  curves,  and  in  particular  he  has  investi- 
gated some  of  the  properties  of  the  curve  passing  through  aU  the  points 
of  contact  with  the  individual  curves  of  the  pencil.  In  the  same  journal 
(vol.  X.  p.  221)  Krey,  of  Kiel,  has  applied  a  method  similar  to  that  of 
Brill  with  partial  success  to  the  question  of  curves  having  four-point 
contact  with  a  triply  infinite  pencil.  Some  formulcB,  however,  given  in 
my  paper  "  On  the  Sextactic  Points  of  a  Plane  Curve"  (Phil.  Trans. 
1865,  p.  657)  have  proved  to  be  directly  applicable  to  both  questions. 
An  application  of  them  to  Brill's  problem  will  be  found  in  the  *  Comptes 
Eendus'  for  1876  (2nd  semestre,  p.  627),  and  a  solution  of  Kre/s 
problem  in  the  ^  Proceedings  of  the  London  Mathematical  Society '  for 
the  same  year  (vol.  viii.  p.  29). 

The  present  subject  was,  in  the  first  instance,  suggested  by  the  fore- 
going papers ;  and  from  one  point  of  view  it  may  be  regarded  as  an 
attempt  to  extend  the  question  to  the  case  of  surfaces ;  viz.  to  determine 
a  curve  which  shall  pass  through  the  points  of  contact  of  a  given  surface 
TJ  with  certain  surfaces  belonging  to  a  pencil  V,  and  to  investigate  some 
of  its  properties. 

From  a  slightly  different  point  of  view,  however,  it  may  be  considered 
as  an  extension  of  two  ideas,  viz : — ^first,  that  of  the  jacobian  surface,  or 
locus  of  the  points  whose  polar  planes  with  regard  to  four  surfaces  meet 
in  a  point ;  and  secondly,  that  of  the  jacobian  curve,  or  locus  of  points 
whose  polar  planes  with  regard  to  three  surfaces  have  a  right  line  in 
common.  More  particularly,  commencing  with  the  facts,  first,  that  if 
a  surface  of  the  form  o^+^tf^+cx  touch  a  surface  U,  the  point  of  contact 
is  a  point  on  the  jacobian,  and,  secondly,  that  if  a  surface  of  the  form 
af+h}p  touch  a  surface  U,  the  point  of  contact  is  a  point  on  the  jacobian 
curve,  I  have  endeavoured  to  extend  them  to  higher  degrees  of  contact. 
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Tbe  properties  here  considered  are  those  which  appertain  to  the 
points,  if  any,  through  which  all  the  sur&oes  pass,  or,  as  they  may 
be  termed,  the  principal  points  of  the  system,  and  they  consist  mainly 
in  the  nature  of  the  contact  of  the  hyperjacobian  surfaces  with  the  sur- 
face U,  and  the  multiplicity  of  the  hyperjacobian  curve  at  the  points  in 
question. 

The  present  inyesfcigation  extends  to  the  cases  of  two-branch  contact 
of  the  given  surface  with  a  one-fold  and  with  a  two-fold  pencil,  and  of 
three-brandi  contact  with  a  four-fold  pencil.  In  the  latt^  case  notice 
is  also  made  of  sfxae  properties  appertaining  to  the  points,  if  any,  where 
all  the  surfaces  touch  one  another,  or,  as  they  may  be  termed,  the 
secondary  points  of  the  system.  In  particular  it  is  shown  that  in  the 
case  of  common,  or  two-branch,  contact  and  a  one-fold  pencil  the  jaeo- 
bian  curve  has  a  douUe  pmnt  at  the  principal  points ;  while  in  the  case 
of  three-branch  contact  and  a  four-fold  pencil  the  hyperjacobian  curve 
has  a  triple  point  at  the  same  points. 


II.  ''  On  the  Length  of  the  Spark  from  a  Voltaic  Battery  in  dif- 
ferent Oases  at  ordinary  Atmospheric  Pressures.'^  ByWAluiiN 
Db  La  Rub,  M.A.,  D.C.L.,  F.R.S.,  and  Hugo  W.  Mullee^ 
Ph.D.,  F.R.S.     Received  May  17,  1877. 

We  venture,  in  anticipation  of  a  more  detailed  account,  in  course  of 
preparation,  of  our  experiments  with  the  chloride-of-silver  battery  which 
have  engaged  our  attention  for  more  than  three  years,  to  lay  before  the 
Society  the  results  of  some  investigations  we  were  induced  to  make  in 
consequence  of  phenomena  we  have  observed  in  the  voltaic  discharge  in 
different  residual  gases  contained  in  vacuum  tubes.  We  have  found,  as 
we  anticipated  we  should  do,  that  the  length  of  the  spark  at  ordinary 
atmospheric  pressures  in  the  following  gases  is  the  longest  in  the  order 
in  which  they  are  enumerated — hydrogen,  nitrogen,  air,  oxygen,  carbonic 
acid — ^it  being  nearly  twice  as  long  in  hydrogen  as  in  air.  The  spark 
in  air  between  a  point  (positive)  and  a  plate  (negative)  with  our  battery 
of  8040  cells  is  about  0*34  in.,  and  in  hydrogen  0*60.  We  may  mention 
that  we  are  making  up  our  battery  to  10,440  cells.  The  length  of  the 
spark  does  not  appear  to  be  dependent  on  the  specific  gravity  of  the 
gas,  but  may  have  some  relation  to  its  viscosity. 
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III.  '^  Further  Researches  on  the  Deportment  and  Vital  Resistance 
of  Putrefactive  and  Infective  Organisms,  from  a  Physical  point 
of  view/'  By  John  Tyndall,  LL.D.,  F.R.S.,  Professor  ot 
Natural  Philosophy  in  the  Royal  Institution. 

(Abstract.) 

For  reasons  which  will  appear  in  the  sequel,  it  will  be  desirable  to 
glance,  in  the  first  place,  at  the  results  already  submitted  to  the  Royal 
Society* 

Portions  of  the  autumn  of  1875,  and  of  the  winter  and  spring  of 
1875-76,  were  devoted  to  the  first  section  of  these  researches,  and  on  the 
13th  of  January,  1876,  its  main  results  were  communicated  orally  to  the 
Royal  Society.  The  completed  memoir  was  handed  in  to  the  Society 
on  the  6th  of  April :  it  is  published  in  vol.  166  of  the  'Philosophical 
Transactions.' 

Many  of  the  '  closed  chambers'  employed  in  the  inquiry  were  submitted 
on  the  13th  of  January  to  the  inspection  of  the  Fellows.  There  had 
been  over  fifty  of  them  in  all,  and  several  of  them  had  been  used  more 
than  once.  The  air  in  these  chambers  had  been  permitted  to  free  itself  from 
floating  matter  by  self-subsidence,  no  artificial  means  of  cleansing  it  being 
employed.  Sterilized  organic  liquids  and  infusions  of  the  most  varied 
kinds  freely  exposed  to  air  thus  spontaneously  piuified  were  found,  when 
tested  by  the  microscope,  to  remain  absolutely  free  from  organisms  of  all 
kinds,  and  equally  free  from  the  turbidity,  scum,  and  mould  which  to  the 
naked  eye  are  the  infallible  signs  of  the  generation  and  multiplication  of 
such  organisms. 

These  experiments  embraced,  among  others,  the  following  organic 
liquids  : — urine  in  its  natural  condition ;  infusions  of  mutton,  beef,  pork, 
hay,  turnip,  sole,  haddock,  codfish,  salmon,  turbot,  mullet,  herring,  eel, 
oyster,  whiting,  liver,  kidney,  hare,  rabbit,  barndoor  fowl,  pheasant,  and 
grouse. 

The  number  of  separate  vessels  containing  these  liqmds  which  were 
exposed  to  spontaneously  purified  air  amounted  to  several  hundreds,  and 
the  consensus  of  their  testimony,  in  the  sense  just  indicated,  was  com- 
plete. 

Five  minutes'  boiling  was  found  in  all  cases  sufficient  to  sterilize  the 
infusions. 

When,  after  remaining  sterile  for  months,  the  doors  of  the  chambers 
were  opened  so  as  to  admit  the  uncleansed  air  of  the  laboratory,  the  contact 
of  such  air,  or,  more  correctly,  of  the  matter  mechanically  floating  in  it, 
infallibly  produced  organisms  in  abundance — sometimes  exclusively 
Bacterial,  sometimes  exclusively  fungoid,  and  sometimes  a  combination 
of  both. 
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InfuBions  of  the  sabstances  above  referred  to  were  afterwards  exposed 
in  sacoession  to  air  which  had  been  freed  of  its  floating  matter  by  filtra- 
tdon  through  cotton  wool,  also  to  air  from  which  the  floating  matter  had 
been  removed  by  calcination,  and  finally  to  vacua  obtained  by  exhausting 
as  far  as  possible  with  an  air-pump  large  receivers  which  had  been 
previously  filled  with  filtered  air. 

Boiled  for  five  minutes  and  exposed  to  air  thus  treated,  or  to  vacua 
thus  produced,  none  of  the  infusions  showed  subsequently  any  alteration 
of  colour  or  transparency  to  the  naked  eye,  or  to  the  microscope  any 
manifestation  of  life. 

Thus  far  I  have  summed  up  the  results  obtained  with  self-purified  air, 
filtered  air,  calcined  air,  and  air-pump  vacua,  the  liquids  in  all  cases 
being  exposed  in  open  test-tubes.  Small  retort-flasks  were  afterwards 
resorted  to.  Giarged  with  the  infusions,  they  were  boiled  in  heated  oil 
or  brine,  and  sealed  with  exceeding  care  during  ebullition.  At  the  Koyal 
Society  on  January  13th,  1876,  one  hundred  and  thirty  such  flasks  were 
submitted  to  the  Fellows,  free  alike  from  putrefaction  and  from  life. 
They  embraced  specimens  of  all  the  substances  above  mentioned  and 
some  others. 

Briefly  expressed,  then,  the  evidence  furnished  by  six  months'  assiduous 
work  during  the  autumn,  winter,  and  spring  of  1875-76,  proved 
conclusively  that  in  the  atmospheric  conditions  then  existing  in  the 
laboratory  of  the  Eoyal  Institution,  not  one  of  the  many  hundred  flasks 
and  tubes  experimented  on  failed  to  be  sterilized  by  five  minutes'  boiling, 
and  no  countenance  was  given  to  the  notion  that  any  of  these  once 
sterilized  infusions  possessed  the  power  of  spontaneously  generating  life. 

The  investigation  embodied  in  the  memoir  now  submitted  to  the 
Society  was  opened  in  the  summer  of  1876  by  a  series  of  tentative  ex- 
periments on  turnip  infusions,  to  which  were  added  varying  quantities  of 
braised  or  pounded  cheese.  Seven  different  kinds  of  cheese  were 
employed,  fifty-seven  test-tubes  being  charged  with  the  mixture  and 
exposed  to  the  self-purified  air  of  closed  chambers. 

The  majority  of  these  mixtures  remained  unchanged;  a  minority 
became  charged  with  organisms,  which  are,  in  my  opinion,  completely 
accounted  for  by  reference  to  the  protective  action  of  the  cheese.  In  the 
memoir  of  which  this  is  an  abstract  such  protective  action  is  illustrated 
by  the  fact  that  when  ordinary  mustard  seeds  were  tied  together  in  a  calico 
l»g,  they  resisted  the  boiling  temperature  for  a  considerable  multiple  of 
the  time  which  sufficed  to  kill  them  when  no  bag  enveloped  them.  The 
bag  and  outside  seeds  protected  the  interior  ones. 

Not  temperature  alone,  but  the  ability  to  diffuse  its  juices  or  salts, 
appears  to  be  a  condition  of  importance  in  the  destruction  of  the  integrity 
and  life  of  a  germ  by  boiling  water*  Without  diffusion  a  germ  may 
withstand  temperatures  competent  to  destroy  it  where  diffusion  is  free. 
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I  need  not  lemark  on  the  imperviousness  of  cheese  to  water,  and  ite  con- 
sequent power  to  prevent  diffusion. 

These  summer  experiments  on  turnip-cheese  infusions  were,  however, 
merelj  tentative,  and  I  purpose  completing  them  hereafter. 

In  the  autumn  I  resumed  experiments  on  infusions  of  hay,  which  had 
been  purposely  postponed.  With  this  substance  no  difficulty  was  encoun- 
tered in  my  first  inquiry.  Boiled  for  five  minutes,  and  exposed  to  air 
purified  spontaneously,  or  freed  from  its  floating  matter  by  calcination  or 
filtration,  hay  infusion,  though  employed  in  multiplied  expmments  at 
various  times,  never  showed  the  least  competence  to  ^dle  into  life. 
After  months  of  transparency,  I  have,  in  a  great  number  of  cases,  inocu- 
lated this  infusion  with  the  smallest  specks  of  animal  and  vegetable 
liquids  containing  Bacteria^  and  observed,  twenty-four  hours  afterwards, 
its  colour  lightened  and  its  mass  rendered  opaque  by  the  multiplication 
of  these  organisms. 

But  in  the  autumn  of  1876,  the  substance  with  which  I  had  experi- 
mented so  easily  and  successfully  a  year  previously  appeared  to  have 
changed  its  nature.  The  infusions  extracted  from  it  bore,  in  some  cases, 
not  only  five  minutes'  but  fifteen  minutes'  boiling  with  impunity.  On 
changing  the  hay  a  different  result  was  often  obtained.  IkEany  of  the 
infusions  extracted  horn  samples  of  hay  purchased  in  the  autumn  of  1876 
behaved  exactly  like  those  extracted  from  the  hay  of  1875,  being  com- 
pletely sterilised  by  five  minutes'  boiling. 

The  possible  influence  of  age  and  dryness  soon  suggested  itself,  and  I 
tested  the  surmise  to  the  uttermost.  Numerous  and  laborious  experiments 
were  executed  with  hay  derived  from  different  localities ;  and  by  this  means, 
in  the  earlier  days  of  the  inquiry,  it  was  revealed  that  the  infusions  which 
manifested  this  previously  unobserved  resistance  to  sterilization  were,  one 
and  all,  extracted  from  old  hay,  while  the  readily  sterilized  infusions  were 
extracted  from  new  hay,  the  germs  adhering  to  which  had  not  been  sub- 
jected to  long-continued  desiccation. 

As  the  inquiry  proceeded  the  distinction  between  old  and  new  hay 
became  more  and  more  blurred,  while  prolonged  experiment  with  hay  of 
various  kinds  failed  to  rescue  the  question  from  uncertainty.  I  there- 
fore turned  to  substances  of  a  succulent  nature— to  fungi,  cucumber, 
melon,  beetroot,  and  artichoke,  for  example,  whose  parasitic  or  epiphytic 
germs  were  unlikely  to  have  suffered  desiccation. 

Boiled  for  periods  varying  from  five  to  fifteen  minutes  and  exposed 
afterwards  to  moteless  air,  in  numberless  experiments  these  infosions 
broke  down,  charging  themselves  throughout  with  organisms,  and  loading 
themselves,  almost  in  all  cases,  with  a  soapy  corrugated  scum. ' 

I  then  fell  back  upon  infusions  whose  deportment  had  been  previously 
familiar  to  me,  and  in  the  sterilization  of  which  I  had  never  experienced 
any  difficulty.      Fish,  flesh,  and  vegetables  were  resubjected  to  trial. 
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Though  the  precautions  taken  to  avoid  contamination  were  &r  more 
stringent  than  those  observed  in  my  first  inquiry,  and  though  the  in- 
terval of  boiling  was  sometimes  tripled  in  duration,  these  infusions,  in 
almost  every  instance,  broke  down.  Spontaneously  purified  air,  filtered 
air,  and  calcined  air  (calcined,  I  may  add,  with  far  greater  severity  than 
was  found  necessary  a  year  previously)  failed,  in  almost  all  cases,  to 
protect  the  infusions  from  putrefaction. 

I  was  sometimes  cheered  by  a  success  which,  at  the  time  of  its  occur- 
rence, would  seem  to  be  the  result  of  increased  severity  in  the  methods 
of  experiment.  But  the  success  was  subsequently  so  opposed  by  failure 
that  it  finally  stood  out  rather  as  an  accident  than  as  the  normal  result 
of  the  inquiry. 

I  had  the  most  implicit  confidence  in  the  correctness  of  my  earlier 
experiments;  indeed  incorrectness  would  have  led  to  consequences 
exactly  opposite  to  those  arrived  at.  Errors  of  manipulation  would  have 
filled  my  tubes  and  fiasks  with  organisms,  instead  of  leaving  them  trans- 
parent and  void  of  life.  By  the  unsuccessful  experiments  above  referred 
to  a  clear  issue  was  therefore  raised : — Either  infusions  of  fish,  flesh,  and 
vegetables  had  become  endowed  in  1876  with  an  inherent  generative 
energy  which  they  did  not  possess  in  1876,  or  some  new  contagium  ex- 
ternal to  the  infusions,  and  of  a  far  more  obstinate  character  than  that 
of  1875,  had  been  brought  to  bear  upon  them  at  the  later  date.  The 
scientific  mind  will  not  halt  in  its  decision  between  these  two  altema- 
tivefi. 

For  my  own  part  the  gradual  but  irresistible  interaction  of  thought  and 
experiment  made  it  in  the  first  instance  probable,  and  at  last  certain,  that 
the  atmosphere  in  which  I  worked  had  become  so  virulently  infective  as 
to  render  utterly  impotent  precautions  against  contamination  and  modes 
of  sterilization  which  had  been  found  uniformly  successful  in  a  less  con- 
taminated air.  I  therefore  removed  from  the  laboratory,  first  to  the  top, 
and  afterwards  to  the  basement  of  the  Eoyal  Institution,  but  found  that 
even  here,  in  a  multitude  of  cases,  failure  was  predominant,  if  not 
uniform.  This  hard  discipline  of  defeat  was  needed  to  render  me 
acquainted  with  all  the  possibilities  of  infection  involved  in  the  con- 
struction of  my  chambers  and  the  treatment  of  my  infusions. 

I  finally  resolved  to  break  away  from  the  Eoyal  Institution,  and  to 
seek  at  a  distance  from  it  a  less  infective  atmosphere.  In  £ew  Gkurdens, 
thanks  to  our  President,  the  requisite  conditions  were  found.  I  chose 
for  exposure  in  the  Jodrell  laboratory  the  special  infusions  which  had 
proved  most  intractable  in  the  laboratory  of  the  Boyal  Institution.  The 
result  was  that  liquids  which  in  Albemarle  Street  resisted  two  hundred 
minutes'  boiling,  becoming  afterwards  crowded  with  organisms,  were 
utterly  sterilized  by  five  minutes'  boiling  at  Kew. 

A  second  dear  issue  is  thus  placed  before  the  Eoyal  Society : — ^Either 
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the  infusions  had  lost  in  Kew  Gardens  an  inherent  generatiye  energy 
which  they  possessed  in  our  laboratory,  or  the  remarkable  instances  of 
life  development,  after  loDg-continued  boiling,  observed  in  the  laboratory 
are  to  be  referred  to  the  contagium  of  its  vessels  or  of  its  air. 

\Vith  a  view  to  making  nearer  home  experiments  similar  to  those 
executed  at  Kew,  I  had  a  shed  erected  on  the  roof  of  the  Eoyal  Instita- 
tion.  In  this  shed  infusions  were  prepared  and  introduced  into  new 
chambers  of  burnished  tin,  which  had  never  been  permitted  to  enter  Cfxxr 
laboratory.  After  their  introduction  the  liquids  were  boUed  for  five 
minutes  in  an  oil-bath. 

The  first  experiment  in  this  shed  resulted  in  complete  &ilure.  Not 
one  of  the  infusions  exposed  to  the  moteless  air  of  the  shed  escaped 
putrefaction. 

Either  of  two  causes,  or  both  of  them  combined,  might,  from  my 
point  of  view,  have  produced  this  result.  First,  a  fine  from  the  labora- 
tory was  in  free  communication  with  the  atmosphere  not  far  from  the 
shed ;  secondly,  and  this  was  the  real  cause  of  the  infection,  my  assistants 
in  preparing  the  infusions  had  freely  passed  between  the  laboratory  to 
the  shed.  They  had  thus  incautiously  carried  the  contagium  by  a  mode  of 
transfer  known  to  every  physician. 

The  infected  shed  was  disinfected;  the  infusions  were  again  pre- 
pared, and  care  was  taken,  by  the  use  of  proper  clothes,  to  avoid  ihe 
former  causes  of  contamination.  The  result  was  similar  to  that  obtained 
at  Kew,  viz.  organic  liquids  which  in  the  laboratory  withstood  two 
hundred  minutes'  boiling,  were  rendered  permanently  barren  by  five 
minutes'  boiling  in  the  shed. 

A  third  clear  issue  is  thus  placed  before  us,  which  I  should  hardly  think 
of  formulating  before  the  Eoyal  Society,  were  it  not  for  the  incredible 
confusion  which  apparently  besets  this  subject  in  the  public  mind.  A  rod 
thirty  feet  in  length  would  stretch  from  the  infusions  in  the  shed  to  the 
same  infusions  in  the  laboratory.  At  one  end  of  this  rod  the  infusions 
were  sterilized  by  five  minutes'  boiling,  at  the  other  end  they  withstood 
two  hundred  minutes'  boiliug.  As  before,  the  choice  rests  between  two 
inferences : — ^Either  we  infer  that  at  one  end  of  the  rod  animal  and  vege- 
table infusions  possess  a  generative  power  which  at  the  other  end  they 
do  not  possess,  or  we  are  driven  to  the  conclusion  that  at  the  one  end  at 
the  rod  we  have  infected  and  at  the  other  end  disinfected  air. 

The  second  inference  is  that  which  will  be  accepted  by  the  scientific 
mind.  To  what,  then,  is  the  inferred  difference  at  the  two  ends  of  the 
rod  to  be  ascribed  ?  In  one  obvious  particular  the  laboratory  this  year 
differed  from  that  in  which  my  first  experiments  were  made.  On  its 
floor  were  various  bundles  of  old  and  desiccated  hay,  from  which, 
when  stirred,  clouds  of  fine  dust  ascended  into  the  atmosphere.  This 
dust  proved  to  be  both  fruitful  and,  in  the  highest  degree,  resistant.  Prior 
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to  tlie  introdaction  of  the  hay  which  produced  the  dust,  no  difficulty  as 
legards  sterilization  had  ever  been  experienced ;  subsequent  to  its  in- 
troduction my  difficulties  and  defeats  began. 

I  have  twice  glanced  at  periods  of  boiling  amounting  to  two  hundred 
minutes ;  for,  after  long  and  laborious  trials  of  shorter  periods  I  advanced 
to  longer  ones,  subjecting  turnip  and  cucumber  infusions  to  the  boiling 
temperature  for  intervals  varying  from  five  minutes  to  three  hundred  and 
sixty  minutes.  Up  to  a  certain  point  these  liquids  maintained  their  power 
of  developing  life,  but  beyond  this  point  complete  stenlity  was  the  result. 
In  the  preliminary  experiments  bearing  upon  this  question  the  point  of 
sterilization  lay  between  180  and  240  minutes.  Boiled  for  the  former 
period  the  infusions  continued  fruitful ;  boiled  for  the  latter  period  they 
remained  permanently  barren. 

In  these  and  numerous  other  experiments  a  method  was  followed  which 
had  been  substantially  employed  by  Spallanzani  and  Needham,  and  more 
recently  by  Wyman  and  Boberts,  the  method  having  been  greatly  refined 
by  the  philosopher  last  named.  The  flasks  were  partially  filled  with 
the  infusions,  the  portions  unoccupied  by  the  liquids  being  taken  up  with 
ordinary  unfiltered  air.  Now  as  regards  the  death-point  of  contagia 
we  know  that  in  air  it  may  be  much  higher  than  in  water,  the  selfsame 
temperature  being  fatal  in  the  latter  and  sensibly  harmless  in  the  former ; 
hence  my  doubt  whether,  in  my  recent  experiments,  the  resistance  of  the 
contagium  did  not  arise  from  the  fact  of  its  being  surrounded,  not  by 
water  but  by  air. 

I  changed  the  method,  and  made  a  long  series  of  experiments  with 
filtered  air.  They  were  almost  as  unsuccessful  as  those  made  with 
ordinary  air.  Erom  time  to  time  I  succeeded  in  producing  complete 
sterility  by  five  minutes'  boiling ;  but  these  successes  were  so  checked  by 
failures  that,  similar  to  other  cases  referred  to,  they  appeared  in  the  light 
of  accidents.  They  were,  however,  by  no  means  uninstructive,  for  they 
revealed  the  existence  of  breaks  in  the  prevalence  of  the  contagium,  which, 
under  the  circumstances,  might  have  been  foreseen. 

A  rapid  glance  at  the  means  employed  to  improve  the  method  of 
experiment,  and  at  the  results  of  their  employment,  may  be  permitted 
here.  Bulbs,  exhausted  by  an  air-pump  and  afterwards  heated  almost 
to  redness,  were  filled  when  cool  with  filtered  air.  While  being 
charged  with  the  infusions  the  bulbs  were  warmed,  so  as  to  produce  a 
gentle  outflow  of  air,  and  their  necks  were  sealed  while  the  outflow  con- 
tinued. It  was  thus  sought  to  avoid  the  contamination  consequent  on 
an  indraught. 

The  failures  resulting  from  this  mode  of  experiment  greatly  predo- 
minated over  the  successes. 

Employing  similar  bulbs,  their  necks  in  the  first  instance  were  drawn 
out  at  the  ends  to  tubes  of  capillary  fineness.    The  bulbs  were  then  filled 
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with  one  third  of  an  atmosphere  of  filtered  air,  and,  while  connected  with 
the  air-pump,  were  heated  almost  to  redness.  The  capillary  tubes  were 
then  sealed  with  the  lamp ;  the  sealed  ends  were  afterwards  broken  off 
in  the  body  of  the  liquid,  two  thirds  of  each  bulb  being  thus  filled  with  the 
infusion.  By  great  care  it  was  found  possible  to  reseal  the  capillary 
tubes  without  removing  them  from  the  liquid.  The  infusions  were  after- 
wards boiled  from  five  to  fifteen  minutes. 

Here  also  the  fruitfulness  of  the  boiled  infusion  was  the  rule,  and 
its  barrenness  the  exception. 

One  source  of  discomfort  clung  persistently  to  my  mind  through- 
out these  experiments.  I  was  by  no  means  certain  that  the  observed 
development  of  life  was  not  due  to  germs  entangled  in  the  film  q£ 
liquid  adherent  to  the  necks  and  higher  interior  surfaces  of  the 
bulbs.  This  film  might  have  evaporated,  and  its  germs,  surrounded  by 
air  and  vapour,  instead  of  by  water,  might  on  this  account  have  been 
able  to  withstand  an  ordeal  to  which  they  would  have  succumbed  if 
submerged. 

A  plan  was  therefore  resorted  to  by  which  the  infusions  were  driven 
by  atmospheric  pressure  through  lateral  channels  issuing  from  the  centres 
of  the  bulbs.  As  before,  each  bulb  was  filled  with  one  third  of  an  atmo- 
sphere of  filtered  air,  and  afterwards  heated  nearly  to  redness.  When 
fully  charged,  the  infusion  rose  higher  than  the  central  orifice,  and  no 
portion  of  the  internal  surface  was  wetted  save  that  against  which  the 
liquid  permanently  rested.  The  lateral  channel  was  then  closed  with  a 
li^p  without  an  instant's  contact  being  permitted  to  occur  between  any 
part  of  the  infusion  and  the  external  air.  It  was  thus  rendered 
absolutely  certain  that  the  contagia  exposed  subsequently  to  the  action 
of  heat  were  to  be  sought,  neither  in  the  superjacent  air  nor  on  the  in- 
terior surfetces  of  the  flasks,  but  in  the  body  of  the  infusions  them-: 
selves. 

By  this  method  1  tested  in  the  first  place  the  substance  which,  at  an 
early  stage  of  the  inquiry,  had  excited  my  suspicion — without  reference  to 
which  the  discrepancy  between  the  behaviour  of  infusions  examined  in 
the  winter  of  1875-76  and  those  examined  in  the  winter  of  1876-77  is 
inexplicable,  but  by  reference  to  which  the  explanation  of  the  obsen-ed  dis- 
crepancy is  complete ;  I  mean,  the  old  hay  which  cumbered  our  laboratory 
floor. 

Poiur  hours'  continuous  boiling  failed  to  sterilize  bulbs  charged  with 
infusions  of  this  hay.  In  special  cases,  moreover,  germs  were  found  so 
indurated  and  resistant  that  five,  six,  and  in  one  case  even  eight  hours' 
boiling  failed  to  deprive  them  of  life. 

All  the  di£Bculties  encountered  in  this  long  and  laborious  inquiry 
were  traced  to  the  germs  which  exhibited  the  extraordinary  powers 
of   resistance   here    described.      They  introduced  a   plague  into  our 
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atmosphere — ^the  other  infoBiont,  those  of  fresh  hay  indaded,  like  a 
smitten  population,  becoming  the  victims  of  a  contagium  foreign  to 
themselves  *. 

It  is  a  question  of  obvious  interest  to  the  scientific  surgeon  whether 
those  powerfully  resistent  germs  are  amenable  to  the  ordinary  processes 
of  disinfection.  It  is  perfectly  certain  that  they  resist  to  an  extraordinary 
extent  the  action  of  heat.  They  have  been  proved  competent  to  cause 
infusions,  both  animal  and  vegetable,  to  putrefy.  How  would  they  behave 
in  the  vrards  of  an  hospital  ?  There  are,  moreover,  establishments  devoted 
to  the  preserving  of  meats  and  vegetables.  Do  they  ever  experience 
inexplicable  reverses  ?  I  think  it  certain  that  the  mere  shaking  of  a  bunch 
of  desiccated  hay  in  the  air  of  an  establishment  of  this  character  might 
render  the  ordinary  process  of  boiling  for  a  few  minutes  utterly  nugatcny, 
thus  possibly  entailing  serious  loss.  They  have,  as  will  subsequently 
appear,  one  great  safeguard  in  the  complete  purgation  of  their  sealed 
this  of  air. 

Keeping  these  germs  and  the  phases  throu^  which  they  pass  to  reach 
the  developed  organism  clearly  in  view,  I  have  been  able  to  sterilise  the 
most  obstinate  infusions  encountered  in  this  inquiry,  by  heating  them  for 
a  small  fraction  of  the  time  above  referred  to  as  insufficient  to  sterilize 
them.  The  fully  developed  Bacterium  is  demonstrably  killed  by  a  tem- 
perature of  140°  F.  Fixing  the  mind's  eye  upon  the  germ  during  its 
passage  frcxn  the  hard  and  resistant  to  the  plastic  and  sensitive  state,  it  will 
appear  in  the  highest  degree  probable  that  the  plastic  stage  will  be  reached 
by  different  germs  in  different  times.  Some  are  more  indurated  than 
others,  and  require  a  longer  immersicm  to  soften  and  germinate.  For  aU 
known  germs  there  exists  a  period  of  incubation  during  which  they  pre- 
pare themselves  for  emergence  as  the  finished  organisms  which  have  been 
proved  so  sensative  to  heat.  If  during  this  period,  and  well  within  it, 
the  infusion  be  boiled  for  even  the  fraction  of  a  minute,  the  softened 
germs  which  are  then  approaching  their  phase  of  final  development  will 
be  destroyed.  Bepeating  the  process  of  heating  every  ten  or  twelve 
hours,  before  the  least  sensible  change  has  occurred  in  the  infusions, 
each  successive  heating  will  'destroy  the  germs  then  softened,  until, 
after  a  sufficient  number  of  heatings,  the  last  living  germ  will  dis* 
appear. 

Gtdded  by  the  principle  here  laid  down,  and  applying  the  heat  discon- 
tinuously,  infusions  have  been  sterilized  by  an  aggregate  period  of  heating, 
which,  fifty  times  multiplied,  would  fail  to  sterilize  them  if  applied 
continuously.  Four  minutes  in  the  <me  case  can  accomplish  what  four 
hours  fail  to  accomplish  in  the  other. 

*  A  hard  and  wiiy  hay  from  Qtnldford,  which  I  have  no  reaaon  to  ooiuider  <dd, 
was  found  extremely  difficult  to  Bterilue. 
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If  properly  followed  out,  the  method  of  sterilization  here  described  ia 
infallible.  A  temperature,  moreover,  far  below  the  boiling-point  suffices 
for  sterilization  *. 

Another  mode  of  sterilization,  equally  certain  and  remarkable,  was 
forced  upon  me,  so  to  speak,  in  the  following  way.  In  a  multi- 
tude of  cases  a  thick  and  folded  layer  of  fatty  scum,  made  up  of 
matted  Bacteria^  gathered  upon  the  surfaces  of  the  infusions,  the 
liquid  underneath  becoming  sometimes  cloudy  throughout,  but  frequently 
maintaining  a  transparency  equal  to  that  of  distilled  water.  The  living 
scum-layer,  as  Pasteur  has  shown  in  other  cases,  appeared  to  possess  the 
power  of  completely  intercepting  the  atmospheric  oxygen,  appropriating 
the  gas  and  depriving  the  germs  in  the  liquid  underneath  of  an  element 
necessary  to  their  development. 

Placing  the  infusions  in  flasks,  with  large  air-spaces  above  the  liquids, 
corking  the  flasks,  and  exposing  them  for  a  few  days  to  a  tempera- 
ture of  80°  or  90°  F.,  at  the  end  of  this  time  the  oxygen  of  the 
superjacent  air  seems  completely  consumed.  A  lighted  taper  plunged 
into  the  flask  is  immediately  extinguished.  Above  the  scum,  moreover, 
the  interior  surfaces  of  the  bulbs  used  in  my  experiments  were  commonly 
moistened  by  the  water  of  condensation.  Into  it  the  Bacteria  sometimes 
rose,  forming  a  kind  of  gauzy  film  to  a  height  of  an  inch  or  more  above 
the  liquid.  In  fact,  wherever  air  was  to  be  found,  the  Bacteria  followed  it. 
It  seemed  a  necessity  of  their  existence.  Hence  the  question.  What  will 
occur  when  the  infusions  are  deprived  of  air  ? 

I  was  by  no  means  entitled  to  rest  satisfied  with  an  inference  as  an 
answer  to  this  question;  for  Pasteur,  in  his  masterly  researches,  has 
abundantly  demonstrated  that  the  process  of  alcoholic  fermentation 
depends  on  the  continuance  of  life  without  air — other  organisms  than 
Torula  being  also  alleged  to  be  competent  to  live  without  oxygen.  Experi- 
ment alone  could  determine  the  effect  of  exhaustion  upon  the  particular 
organisms  here  under  review. 

Air-pump  vacua  were  first  employed,  and  with  a  considerable  measiure 
of  success.    Life  was  demonstrably  enfeebled  in  such  vacua. 

Sprengel  pumps  were  afterwards  used  to  remove  more  effectually  both 
the  air  dissolved  in  the  infusions  and  that  diffused  in  the  spaces  above 
them.  The  periods  of  exhaustion  varied  from  one  to  eight  hours,  and 
the  results  of  the  experiments  may  be  thus  summed  up : — Could  the  air 

*  On  reading  my  paper,  prenrious  to  its  presentation  to  the  Boyal  Society,  Mr. 
Huxley  suggested  a  continuous  exposure  to  a  temperature  not  much  above  the  death- 
temperature  of  the  adult  Bacterium,  I  had  also  noted  the  experiment  for  execution 
myself.  It  was  made  some  weeks  ago  with  perfect  success.  The  most  obstinate  infu- 
sions, maintained  for  a  few  days  at  a  temperature  of  160°  F.,  are  fterilised. — 
[June  21.]    . 
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be  completely  removed  from  the  infusions,  there  is  every  reason  to  believe 
that  sterilization  without  boiling  would  in  most,  if  not  in  all,  cases  be  the 
result.  But,  passing  from  probabilities  to  certainties,  it  is  a  proved  &ct 
that  in  numerous  cases  unboiled  infusions  deprived  of  air  by  five  or  six 
hours'  action  of  the  Sprengel  pump  are  reduced  to  permauent  barrenness. 
In  a  great  number  of  cases,  moreover,  where  the  unboiled  infusion  would 
have  become  cloudy,  exposure  to  the  boiling  temperature  for  a  single 
minute  sufficed  completely  to  destroy  the  life  already  on  the  point  of 
being  extinguished  through  defect  of  air.  With  a  single  exception,  I  am 
not  sure  that  any  infusion  escaped  sterilization  by  five  minutes'  boiling 
after  it  had  been  deprived  of  air  by  the  Sprengel  pump.  These  five  minutes 
accomplished  what  five  hours  sometimes  failed  to  accomplish  in  the  pre- 
sence of  air. 

The  exception  here  referred  to  is  old- hay  infusion,  which,  though 
sterilized  in  less  than  half  the  time  needed  to  kill  its  germs  where  air  is 
present,  maintained  a  power  of  developing  a  feeble  but  distinct  life  after 
having  been  boiled  for  a  large  multiple  of  the  time  found  sufficient  to 
render  infusions  of  mutton,  beef,  pork,  cucumber,  turnip,  beetroot,  shad- 
dock, and  artichoke  permanently  barren. 

These  experiments  gave  me  the  due  to  many  others  which  might 
have  readily  become  subjects  of  permanent  misinterpretation.  In  the 
midst  of  a  most  virulently  infective  atmosphere,  where,  even  after  some 
hours'  boiling,  there  was  no  escape  for  infusions  supplied  with  air,  the 
expulsion  of  the  air  by  less  than  five  minutes'  boiling  in  properly  shaped 
retort-flasks,  and  the  proper  sealing  of  the  flasks  during  ebullition, 
ensured  the  sterility  of  the  infusions. 

The  meaning  of  a  former  remark  regarding  the  part  played  by  boiling 
in  establishments  devoted  to  the  preserving  of  meats  and  vegetables  will 
be  now  understood. 

The  inertness  of  the  germs  in  liquids  deprived  of  air  is  not  due  to  a 
mere  superman  of  their  powers.  The  germs  are  killed  by  being  deprived 
of  oxygen.  For  when  the  air  which  has  been  removed  by  the  Sprengel 
pump  is,  after  some  time,  carefully  restored  to  the  infusion,  unaccom- 
panied by  germs  from  without,  there  is  no  revival  of  life.  By  removing 
the  air  we  stifle  the  life  which  the  returning  air  is  incompetent  to 
restore. 

These  experiments  on  the  mortality  arising  from  a  defect  of  oxygen 
are  in  a  certain  sense  complementary  to  the  beautiful  results  of  M.  Paul 
Bert.  Applying  his  method  to  my  infusions,  I  find  them  sterilized  in 
oxygen  possessing  a  pressure  of  ten  atmospheres  or  more.  Like  higher 
organisms,  our  Bacterial  germs  are  poisoned  by  the  excess  and  asphyxied 
by  the  defect  of  oxygen.  A  mechanical  action  may  also  come  into 
play. 

A  few  short  sections  on  Bacteria  germs  as  distinguished  from  Bacteria 
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themselyes*,  and  on  the  alleged  destructicm  of  germs  by  merely  diying 
them,  on  hermetic  sealing,  and  on  Uie  deportment  of  hermetically  sealed 
flasks  exposed  to  the  sun  of  the  Alps,  are  introduced  towards  the  end  of 
the  memoir. 

Throughout  these  laborious  researches  I  have  been  aided,  with  his 
accustomed  seal  and  ability,  by  my  excellent  senior  assistant,  Mr.  John 
Cottrell.  He  has  been  worthily  seconded  by  Mr.  Frank  Talter,  and,  in 
an  humbler  but  still  effectual  way,  by  Willmm  Card. 


May  31, 1877. 
Dr.  J.  DALTON  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  receired  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.  ''The  Physical  Properties  of  Homologues  and  Isomers.*'  By 
Frederick  D.  Brown,  B.Sc.  Communicated  by  Henrt  E. 
Armstrong,  Ph.D.,  F.R.S.,  Sec.  C.S.,  Professor  of  Chemistry 
in  the  London  Institution.     Received  April  28, 1877. 

Observations  of  the  physical  properties  of  chemical  compounds  have 
been  very  numerous ;  in  many,  however,  the  object  aimed  at  has  been 
merely  the  definition  of  the  substances  in  question,  and  the  results  lay 
daim  to  no  great  accuracy.  In  others,  data  have  been  required  for  the 
solution  of  purely  physical  problems^  and  but  little  attention  has  been 
paid  to  the  chemical  nature  of  the  substances  employed.  In  compara- 
tively few  has  equal  importance  been  attached  to  both  the  physical  and 
chemical  aspects  of  the  question. 

If,  then,  we  attempt  to  compare  the  physical  properties  of  a  series  of 
compounds  presenting  very  similar  chemical  properties,  we  find  that  in 
the  case  of  one  or  two  members  of  the  series  our  knowledge  is  tolerably 

*  By  the  excellent  reflearohet  of  Dallinger  and  l)ry8dale  it  has  been  proved  that  the 
germs  of  Monads,  as  compared  with  the  adult  organisms,  possess  a  power  of  retistaiioe 
to  heat  in  the  proportion  of  11  to  6. 
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complete,  but  that  wit^  regard  to  the  others  little  is  known  bat  their 
approximate  boiling-points  and  densities. 

Among  the  alcohols  of  the  C»H(jfc,+i)  .  OH  series,  for  eaomple,  there 
are  two  (methyl  and  ethyl  alcohols)  with  whose  physical  properties 
we  are  well  acquainted.  The  expansion  of  these  bodies  has  been  deter- 
mined by  Kopp,  Pierre,  MendelejefE,  and  others ;  the  vapour-tensions, 
latent  and  specific  heats  by  Begnault;  the  latent  heat  by  Andrews  also; 
the  refractiye  indices  by  Gladstone  and  Dale.  Neariy  all  these  researches, 
and  many  more  which  might  be  enumerated,  have  been  accompanied  by 
measurements  of  density  and  boiling-point. 

When  we  pass  to  the  other  members  of  the  series  we  find,  however, 
that  in  tJie  case  of  normal  propyl  alcohol,  with  the  exception  of  numerous 
determinations  of  density  and  boiling-point,  experiments  have  been 
limited,  as  &r  as  I  am  aware,  to  the  measurement  of  the  expansion  by 
Pierre  and  Puchot.  (The  table  of  vapour^tensicms  given  in  the  same 
paper  is  ernmeous,  as  I  hope  to  prove  in  a  future  communication.)  The 
same  is  to  be  said  of  all  the  other  alcohols  of  this  series,  the  rates  of 
expansion  of  some  of  which  have  been  examined  by  Kopp,  lieben  and 
Bossi,  Wanklyn  and  Erlenmeyer,  and  others. 

In  order  partially  to  supply  this  want  I  have  undertaken  a  series  of 
experiments,  of  which  the  following  pages  are  the  firstfruits. 

I.  Density,  Eocpansion,  and  Vapour^t&nsion  of  Propyl  and  Isopropyl 

Iodides. 

The  selection  of  these  as  my  first  experiments  was  prompted  by  the 
following  considerations : — If,  as  is  possible,  all  the  particular  physical 
characteristics  of  a  given  substance  result  from  one  main  characteristic^ 
which  is,  as  it  were,  the  fundamental  definiticm  of  the  substance  (al 
least  from  a  physical  point  of  view),  then  the  various  phenomena  ob- 
served must  be  dependent  one  on  the  other,  and  the  measurement  of 
the  vapour-tension,  for  instance,  or  of  the  latent  heat,  of  the  given 
substance  must  involve  implicitly  all  other  measurements,  such  as 
those  of  the  specific  heat,  rate  of  expansion,  &c. ;  that  this  is  not  with^ 
out  foundation,  is  proved  by  the  many  partially  successful  attempts  to 
connect  the  various  results  obtained  for  certain  bodies  by  mathematical 
reasoning. 

A  connexion  between  the  vapour-tension  and  rate  of  expansion  of  a 
liquid  organic  body  is  rendered  probable  by  the  well-known  researches 
of  Hermann  Kopp  and  others.  From  a  large  number  of  observations 
conclusions  were  formed  which  may  be  thus  summed  up : — ^The  atoms  of 
the  various  elements  entering  into  the  composition  of  substances  of  the 
same  chemical  type  always  occupy  the  same  space  when  the  tension  of 
the  vapour  of  the  liquid  is  equal  to  the  pressure  exerted  by  a  column  of 
mercury  760  millims.  in  height.  Hence  the  molecules  of  isomeric  sub- 
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stances  which  differ  only  in  the  arrangement  of  their  constituent  atoms, 
and  not  in  their  number  or  kind,  must,  when  the  tension  equals  760 
millims.,  occupy  the  same  space,  or,  in  other  words,  the  molecular  volumes 
of  isomers  at  their  boiling-points  are  equaL  If  this  relation  exists  be- 
tween the  molecular  volumes  of  two  isomers  at  those  temperatures  at 
which  their  respective  vapour-tensions  are  equal  to  760  millims.,  it 
should  equally  hold  good  at  all  those  corresponding  temperatures  at  which 
the  vapour-tensions  are  equal  to  any  number  n  of  millimetres,  since  the 
ordinary  barometric  pressure  of  760  millims.  is  a  special  drcumstanoe 
due  to  our  residence  on  this  planet  and  to  the  usual  position  of  our 
laboratories  at  no  great  altitude. 

The  study  of  the  vapouivtensions,  combined  with  that  of  the  density 
and  rate  of  expansion,  enables  us  therefore  to  compare  the  molecular 
volumes  at  all  those  corresponding  temperatures  at  which  the  vapour- 
tensions  are  equal ;  should  a  uniform  equality  be  apparent,  it  is  evident 
that  a  connexion  between  vapour-tension  and  rate  of  expansion  would  be 
established.  Por,  let  A  and  a  be  two  isomeric  liquids,  D  and  d  their 
respective  densities,  and  H  and  h  their  vapour-tensions  at  any  tempera- 
ture <,  we  have  D=/(0,  d^f(t\  H=^0»  *=^'(0;  ^  we  have 
observed  that  whenever  H=A  D=c£*,  it  of  course  follows  that  for  any 
two  values  t^  and  t,  such  that  fpif^^^'it^  we  shall  have  ako  /(<,) 

Since  the  expressions  ^Q  and/(^)  present  no  peculiarities  in  the  case 
of  isomeric  substances,  it  would  be  reasonable  to  suppose  that  in  the  case 
of  other  liquids  there  is  also  a  relation  between  ^(<)  and  f{t). 

A  detailed  description  of  the  apparatus  employed,  together  with  all 
the  precautions  taken  to  ensure  accuracy,  must  be  reserved  for  the  future ; 
a  brief  statement  on  this  head  is,  however,  indispensable. 

Thermometers, — ^The  two  thermometers  by  which  all  measurements  of 
temperature  were  taken  are  each  about  20  inches  long,  and  are  divided 
on  the  glass  into  tenths  of  a  degree ;  the  scale  of  the  one  (A)  ranges 
from  —7'*  to  63°,  that  of  the  other  (B)  from  46^  to  102°.  These  instru- 
ments were  most  carefully  compared  with  a  Kew  standard  which  has 
long  been  in  the  possession  of  the  London  Institution. 

The  bath  in  which  the  comparisons  were  made  was  22  inches  in 
height  and  12  inches  in  breadth,  and  was  filled  with  water  which  was 
rapidly  and  constantly  stirred;  the  readings  were  marked  on  paper 
divided  carefully  into  squares,  and  the  points  united  by  a  curved  line ; 
the  corresponding  readings  of  the  air  thermometer  derived  from 
Begnault's  Tables  being  also  marked,  the  correction  for  any  subse^ 

*  y  and  V  being  the  respecUye  moleoalar  ToIuine9»  and  m  the  oommon  molecalar 
weight,  we  hareV— =  and  ^=^\  consequently  when  V=t^,  J>^d\  we  may  ther«« 
fore  subititute  the  equality  of  the  densities  for  that  of  the  molecular  volumes. 
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quent  reading  of  either  of  the  instruments  could  be  obtained  by  direct 
measurement. 

Fig.  1. 


The  error  of  observation  of  i^e  temperatures  is  never  greater  than 
0^02. 

Detemwnalion  of  Densities, — The  capillary  ends  of  a  TJ-tube  of  Dr. 
Spr^Agel's  pattern,  the  capacity  of  which  is  about  14  cub.  centims.,  were 
bent  down  as  at  A  and  B ;  when  the  tube  had  been  filled  with  the 
liquid,  and  fastened  to  the  thermometer  in  the  position  shown  in  fig.  1, 
a  small  tube  D,  containing  a  little  of  the  liquid,  was  suspended  so 
that  the  end  A  plunged  into  it;  the  tube  was  then  completely  filled 
by  sucking  with  an  india-rubber  tube  at  B,  and  lowered  into  a  large 
beaker  of  water,  the  temperature  of  which  was  slightly  above  that  of 
the  room ;  after  stirring  frequently  for  about  15  minutes,  the  thread  sup- 
porting the  tube  D  was  removed  from  the  clamp  E  to  a  fixed  ring  B. 
The  temperature  having  been  read,  the  clamp  E  was  finally  raised,  carry- 
ing with  it  the  density-tube  completely  full.  On  exposure  to  the  cooler 
air  the  liquid  in  the  capillaries  quickly  recedes,  and  the  tube  may  be 
wiped  dry  and  weighed. 

This  slight  modification  of  the  ordinary  method  enabled  me  to  deter- 
mine easily  the  density  of  a  liquid  at  any  temperature  above  that  of  the 
atmosphere,  however  great  might  be  the  rate  of  expansion.  The  tube 
being  completely  full,  the  error  which  in  general  arises  from  the  adherence 
of  the  liquid  to  empty  portions  of  density-tubes  &c.  is  avoided.    The 
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densities  are  referred  to  water  at  zero ;  the  error  of  the  observationa  ia 
less  than  0-00006. 

Bate  of  Expansion, — Dilatometers,  similar  to  those  used  by  Kopp, 
Pierre,  and  others,  were  employed,  the  necessary  data  concerning  them 
being  obtained  in  the  usual  way,  slight  modifications  excepted.  The  in- 
struments, when  filled  with  the  liquid  to  be  examined,  were  compared 
with  the  thermometers  A  and  B,  in  the  large  bath  mentioned  above,  in 
which  they  were  completely  immersed ;  readings  were  taken  both  when 
the  temperature  of  the  water  was  rising  and  when  it  was  falling.  When 
both  dilatometers  were  filled  with  the  same  liquid,  the  Yolumes  obtained 
at  any  given  temperature  differed  only  in  the  fifth  decimal  place. 

Vapour-tension, — The  apparatus  shown  in  fig.  2  was  used  in  the 
case  of  the  iodides.  The  vapour  of  the  liquid  boiliug  in  the  bulb  A 
condenses  in  the  tube  BB  and  runs  back  by  the  small  tube  c ;  any  cooling 
of  the  thermometer  by  the  condensed  vapour  is  thus  avoided.  B  is  a 
reservoir  of  air  with  a  tap  T,  with  which  an  air-pump  is  connected,  while 
the  tube  E  is  connected  with  a  pressure-gauge  formed  of  two  communi- 
cating columns  of  mercury.  The  thermometer  is  placed  in  the  tube  rf, 
which  is  closed  at  the  bottom  and  contains  a  little  mercury. 

Fie:.  2. 


A  liquid  which  is  not  decomposed  by  heat  below  its  boiling-point  will 
boil  in  this  apparatus  at  any  temperature  and  for  any  length  of  time, 
without  the  thermometer  varying  one  hundredth  of  a  degree.  About 
100  cub.  centims.  of  the  liquid  were  put  in  the  bulb. 

Normal  Propyl  Iodide, — This  substance  was  prepared  by  treating  pure 
propyl  alcohol  with  hydriodic-acid  gas ;  the  saturated  liquid  waa  dialdlled 
with  steam,  the  distillate  shaken  several  times  with  a  weak  solution  of 
caustic  soda,  a  little  iodine  added  to  destroy  the  phosphorus  compounds, 
again  shaken  with  soda,  then  with  water,  and  finally  dried  with  phosphoric 
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anhydride.  The  pure  iodide  thus  obtained  amounted  to  about  1100 
gnns. ;  it  was  carefully  fractioned,  and  after  four  distillationB  collected 
in  the  following  fire  p<Hrtion8  : — 

A.  Below  102**.  "^ 

I.  102^-0    to  102^25.     _ 

n.  102**-25  to  102^-5.    ITenaperaturea 
in.  102°-6    to  102°-75.     ^^^  corrected. 

B.  Above  102*-76.         J 

The  densities  of  I.,  11.,  and  III.  were  as  follows  : — 

I.  1-74772  at  20-79 ;  1-78684  at  6. 

II.  1-75036  at  19-27 ;  1-78641  at  0. 
ni.  1-74628  at  20-91 ;  1-78550  at  0. 

The  densities  at  zero  are  calculated  by  means  of  the  curve  of  expan- 
sion afterwards  determined. 

For  the  mean  density  of  zero  we  have  D=s  1*7863. 

The  density  is  given  by  Chapman  and  Smith  (Chem.  Soc.  Joum.  xxiL 
195)  as  1-7343  at  16° ;  by  Eossi  (Ann.  CJhem.  und  Pharm.  dix.  79)  as 
1-782  at  0** ;  by  Linnemann  (Ann.  CJhem.  und  Pharm.  clxi.  34)  as  1-7610 
at  16°;  and  by  Pierre  and  Puchot  (Ann.  Chim.  et  Phys.  (4)  xxu.  286)  as 
1-7842  at  0^ 

To  obtain  the  rate  of  expansion,  one  of  the  dilatometers  was  filled  with 
Fraction  I.  and  another  with  UI.    The  final  results  were  as  follows : — 


Fraction  I. 

Fkactioh  III. 

No.  of 
Ob0. 

Temperature 
(coirected). 

Yolame. 

No.  of 

ObB. 

Temperature 
(corrected). 

Volume. 

1 

0-0  (ice) 

1-00000     1 

2 

8-0  (ice) 

100000 

3 

7-06 

1-00745 

3 

7-08 

1-00740 

3 

15-01 

1-01601 

3 

15-07 

1-01606 

3 

23-95 

1-02586 

3 

23-99 

102593 

3 

30-99 

1-03383 

3 

31-00 

1-03386 

2 

39-01 

104312, 

4 

3909 

1-04322 

3 

44-23 

1-04933 

3 

44-20 

1-04930 

4 

50-41 

105655 

5 

50-35 

1-05644 

3 

50-56 

105672 

3 

60-45 

1-05665 

3 

57-16 

106501 

3 

57-06 

1-06479 

3 

68-07 

1-07895 

3 

67-84 

1-07849 

3 

75-21 

1-08830 

3 

75-11 

1-08797 

3 

80-87 

1-09600 

3 

80-77 

1-09568 

3 

88-70 

1-10671 

3 

88-58 

1-10603 

5 

96-94 

1-11836 

5 

96-74 

1-11750 

The  above  results  were  marked  on  a  large  sheet  of  paper  divided  by 
parallel  lines  into  squares,  and  the  points  united  by  means  of  a  curve ; 
the  two  curves  thus  obtained  being  nearly  coincident,  I  judged  it  un- 
necessary to  repeat  the  experiment  with  Fraction  II. 
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The  following  Table  gives  the  volume  of  Fraction  III.  at  every  ten 
degrees  from  0°  to  100°;  these  numbers  are  measured  direct  from  the 
curve,  and  represent  the  experiments  quite  as  welP  as  if  calculated  by 
means  of  an  equation  of  the  formula 


Tempera- 
ture. 

Volume  as 

measured  from 

curres. 

Volume 
given  by 
Pierre. 

Tempera- 
ture. 

Volume  as 

measured  from 

curres. 

Volume 
given  by 
Pierre. 

6 

10 
20 
30 
40 
50 

1-00000 
1-01062 
1-02142 
1-03274 
1-04436 
1-05600 

1-000 

1-010 

1-021 

1-0324 

1-044 

1-066 

60 

70 

80 

90 
100 
104-5 

1-06852 
1-08128 
1-09446 
1-10802 
1-12200 

1-069 

1-082 

1-096 

1-1106 

1-125 

1-132 

The  difference  between  the  numbers  at  the  higher  temperatures  is 
doubtless  partly  due  to  the  fact  that  Pierre  measured  the  density  at  only 
four  temperatures,  viz.  0®,  9°-l,  52°-6,  and  75^-3,  and  then  i^culated 
the  above  series  of  numbers  by  means  of  a  formula  of  interpolation ;  it 
will  be  observed  that  a  small  error  in  the  determination  of  the  density  at 
75^-3  would  be  sufficient  to  cause  the  discrepancy  referred  to. 

The  vapour-tension  of  the  normal  iodide  was  determined  by  boiling  in 
the  apparatus  described  above ;  here,  again,  Fractions  I.  and  III.  only 
were  employed.  The  following  Table  gives  the  results  obtained :  the 
observations  marked  thus  *  were  made  with  platinum  foil  in  the  boiling 
liquid ;  with  the  others  this  was  not  the  case. 


Fraction  I. 

Fraction  II. 

No.  of 

Boiling- 

Pressure  in 

No.  of 

Boiling- 

Pressure  in 

Obs. 

point 

millims. 

Obs. 

point. 

millims. 

3 

5^-66 

138-9 

2 

53-06 

138-6 

2 

59-86 

184-7 

5317 

139-8* 

62-95 

208-0 

53-26 

139-6 

72-12 

289-9 

56-17 

157-9* 

83-32 

424-9 

61-80 

195-9 

93-85 

591-9 

62-70 

203-0* 

101-14 

7350 

70-45 

269-6 

102-00 

753-4 

7911 

84-15 

90-05 

96-81 

100-21 

100-45 

101-37 

365-3 

431-3* 

520-0 

640-4 

707-1 

712-7* 

7321 
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I  attempted  to  measure  the  vapoar-tensions  of  this  substance  in 
an  apparatus  similar  to  that  now  used  for  the  analysis  of  gases,  one  of 
the  Tertical  tubes,  however,  being  heated  in  a  large  quantity  of  water, 
which  was  made  to  circulate  by  means  of  a  screw.  This  apparatus 
(which  will  be  described  on  another  occasion)  answers  perfectly  in  the 
case  of  most  substances,  but  both  the  iodides  now  under  consideration 
are  decomposed  by  the  mercury ;  the  normal  iodide,  howeyer,  being  but 
slowly  acted  upon  in  the  cold,  I  was  able  to  measure  the  vapour-tension 
several  times  at  about  7^.  The  mean  result  shows  a  tension  of  15*4 
millims.  at  7°'6. 

The  curves  constructed  by  means  of  the  above  data  diverge  gradually 

until  at  a  tension  of  760  millims.,  the  corresponding  temperatures  differing 

t 

by  0°*5.  The  equation  H=sa5^"''"^  (where  H  =  the  tension  of  the  vapour, 
t  =  the  temperature  in  degrees  Centigrade  +7^'^)  expresses  the  observa- 
tions for  Fraction  III.  with  great  exactitude  when 

log  a= 1-1875207, 
log  6=0-0269870, 
log  in =3-6338070. 

laopropyl  Iodide, — This  body  was  prepared  by  heating  glycerin  with 
iodine  and  phosphorus,  and  purifying  as  in  the  case  of  the  normal 
iodide ;  more  than  a  kilogramme  of  the  pure  substance  was  obtained. 
After  fractional  distillation  three  portions  were  obtained  boiling  as 
follows : — 


I.  88-6  to  88-7)  ^ 

n.  88-7  to  88-8  f^^^^P^"^*:^^* 
TTT    oo.o  x_  o/^  /%  1    uncorrected. 


n.  88-7  to  88-8  f r— ™- 

m.  88-8  to  89-0  )    «^c<>"^cte<l- 

The  densities  of  these  three  fractions  were  as  follows : — 


o 


I.  1-70526  at  19-80 ;  1-74315  at  0 

n.  1-70506  at  20-14  ;  1-74363  at  0 

IIL  1-70457  at  21-09 ;  1-74504  at  0. 

The  mean  density  at  0°  is  therefore 

D= 1-7440. 

"  The  density  of  isopropyl  iodide  is  given  by  Erlenmeyer  (Ann.  Chem. 
Pharm.  cxivi.  309)  as  1*714  at  16° ;  by  Linnemann  (Ann.  Chem.  Pharm. 
cxxxix.  229)  as  1-735  at  0° ;  by  Buff  (Ann.  Chem.  Pharm.  Supp.  iv.  129) 
as  1-71732  at  17^. 

The  observations  on  the  expansion  were  as  follows  : — 
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Fkactioi  n. 

FRACTtON  IIL 

No.  of 
Oba. 

Tempenture 
(oorreoted). 

Volume. 

No.  of 
Ob«. 

Temperature 
(oorreoted). 

Volume. 

1 
3 
3 
2 
2 
3 
3 
3 

0-0  (ice) 
14-79 
25-81 
35-61 
39-51 
52-28 
67-88 
70-14 

1-00000 
1-01653 
1-02933 
1-04110 
1-04587 
1-06200 
1-06947 
1-08633 

1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 

0-0  (ice) 
11-28 
15-58 
21-84 
27-78 
32-64 
46-97 
55-22 
63-16 
71-87 
79-66 

1-00000 
1-01263 
1-01751 
1-02475 
1-03178 
1-03756 
1-05513 
1-06591 
1-07662 
1-08865 
1-09994 

The  two  curvee  drawn  by  means  of  these  data  coincided  throughout. 
The  volumes  at  every  ten  degrees  are  as  follows  : — 


Tempe- 
rature. 

Volume. 

Tempe- 
rature. 

Volume. 

Tempe- 
rature. 

Volume. 

0 
10 
20 
30 

1-00000 
1-01118 
1-02246 
1-03440 

48 
50 
60 

1-04640 
1-05900 
1-07234 

76 
80 
90 

1-08606 
1-10032 
1-11480 

The  following  are  the  results  obtained  when  these  two  fractions  were 
boiled  at  various  pressures  : — 


Fkactioh  n. 

Fractioh  m. 

No.  of 

Boiling- 

Preaaurein 

No.  of 

Boiling- 

Preaaurein 

Obs. 

point. 

miUiniB. 

Ob.. 

point 

1 

49-32 

191-9 

2 

4§-90 

187-9 

1 

52-15 

214-3 

1 

54-43 

232-6 

2 

59-45 

281-3 

.  3 

55-93 

246-9 

2 

69-55 

400-3 

3 

62-40 

311-2 

1 

73-46 

455-6 

1 

69-63 

399-7    . 

1 

76-21 

498-4 

1 

72-30 

437-4 

1 

82-17 

603-1 

1 

74-71 

472-8 

1 

86-11 

679-6 

3 

78-13 

530-6 

1 

88-04 

720-3 

1 

80-52 

570-6 

1 

89-81 

760-2 

3 

83-79 

631-9 

1 

87-64 

709-9 

1 

89-66 

754-8 
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The  two  curves  are  in  this  case  ahnost  identical.  A  satisfactory 
equation  has  not  yet  been  obtained  owing  to  the  absence  of  any  measure- 
ments at  low  temperatures. 

In  the  following  Table  the  densities  are  compared  at  those  tempera- 
tures at  which  the  rapour-tensions  are  equal : — 


Vapour- 

BoiliDg-point 

BoHiog-point 

Density  of 

Dennity 

Difference 

tofudon  m 

of  normal 

of  iflo- 

normal 

OfiflO- 

between 

millitna, 

propyl  iodide. 

propyl  iodide. 

propyl  iodide. 

propyl  iodide. 

denmtiee. 

200 

62-37 

50-50 

1-66704 

1-64690 

0-02114 

300 

73-51 

61-33 

1-64493 

1-62359 

0-02134 

400 

81-95 

69-70 

1-62808 

1-60646 

0-02162 

600 

88-84 

76-44 

1-61446 

1-59246 

0-02200 

600 

94-70 

82-11 

1-60250 

1-68068 

0-02182 

700 

99-83 

87-13 

1-59221 

1-57035 

0-02186 

760 

102-63 

89-86 

1-58670 

1-56497 

0-02196 

The  above  numbers  show  tliat  the  relation  between  vapour-tension  and 
expansion,  which  had  been  rendered  probable  by  Kopp's  researches,  does 
not  exist,  that  the  molecular  volumes  of  the  two  isomers  at  correspond- 
ing temperatures  are  unequal,  that  of  the  normal  iodide  being  greater 
than  that  of  the  other  by  an  almost  constant  quantity.  This  fact  is  in 
accordance  with  the  modem  dynamical  hypotheses  on  the  constitution  of 
maimer.  Isopropyl  iodide  is  more  unstable  than  the  normal  iodide ;  its 
instability  may  be  due  to  the  greater  velocity  of  its  molecules ;  from  this 
greater  Telocity  would  follow  a  greater  mean  distance  between  the 
molecules. 

I  may  here  mention  that  I  have  made  a  very  complete  series  of  ex- 
periments on  the  vapour-tension  of  normal  propyl  alcohol.  The  curve 
representing  these  observations  intersects  that  which  expresses  the 
tensions  of  normal  propyl  iodide,  so  that  whereas  at  760  millims.  the 
iodide  boils  at  102^-5  and  the  alcohol  at  97^-3,  at  370  millims.  they  boil 
at  the  same  temperature,  viz.  79^*5,  and  at  120  millims.  the  boiling- 
point  of  i^e  iodide  is  only  49^-6,  whilst  that  of  the  alcohol  is  56^. 

This  fact,  which  probably  arises  from  the  much  greater  latent  heat  of 
propyl  alcohol,  obviously  renders  useless  all  attempts  to  derive  the 
boiling-points  from  the  constitution  of  chemical  compounds,  so  long  as 
the  boiling-points  at  the  ordinary  pressure  of  the  atmosphere  alone  are 
taken  into  account. 
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II.  ''  On  the  Amplitude  of  Sound-waves/'    By  Lord  Bayleigh, 
M.A.,  F.R.S.     Received  May  3,  1877. 

Scarcely  any  attempts  have  been  made,  so  far  as  I  am  aware,  to  mea- 
sure the  actual  amplitude  of  sound-bearing  waves,  and,  indeed,  the  pro- 
blem is  one  of  considerable  difficulty.  Even  if  the  measurement  could 
be  effected,  the  result  would  have  reference  only  to  the  waves  actually 
experunented  upon,  and  would  be  of  no  great  value  in  the  absence  of 
some  means  of  defining  the  intensity  of  the  corresponding  sound.  It  is 
bad  policy,  however,  to  despise  quantitative  estimates  because  they  are 
rough ;  and  in  the  present  case  it  is  for  many  reasons  desirable  to  have  a 
general  idea  of  the  magnitudes  of  the  quantities  with  which  we  have  to 
deal.  Now  it  is  evident  that  a  superior  limit  to  the  amplitude  of  waves 
giving  an  audible  sound  may  be  arrived  at  from  a  knowlec^  of  the  energy 
which  must  be  expended  in  a  given  time  in  order  to  generate  them,  and 
of  the  extent  of  sur&M^  over  which  the  waves  so  generated  are  spread  at 
the  time  of  hearing.  An  estimate  founded  on  these  data  will  necessarily 
be  too  high,  both  because  sound-waves  must  suffer  some  dissipation  in 
their  progress,  and  also  because  a  part,  and  in  some  cases  a  large  part, 
of  the  energy  expended  never  takes  the  form  of  sound-waves  at  all. 

The  source  of  sound  in  my  experiment  was  a  whistle,  mounted  on  a 
Wolfs  bottle,  in  connexion  with  which  was  a  siphon  manometer  for  the 
purpose  of  measuring  the  pressure  of  wind.  This  apparatus  was  inflated 
from  the  lungs  through  an  india-rubber  tube,  and  with  a  little  practice 
there  was  no  difficulty  in  maintaining  a  sufficiently  constant  blast  of  the 
requisite  duration.  The  most  suitable  pressure  was  determined  by  pre- 
liminary trials,  and  was  measured  by  a  column  of  water  9j|  centimetres 
high. 

The  first  point  to  be  determined  was  the  distance  from  the  source  to 
.  which  the  sound  remained  clearly  audible.  The  experiment  was  tried  in 
.  the  middle  of  a  fine  still  winter's  day,  and  it  was  ascertained  that  the 
whistle  was  heard  without  effort  at  a  distance  of  820  metres.  In  order 
to  guard  against  any  effect  of  wind,  the  precaution  was  taken  of  repeating 
.  the  observation  with  the  direction  of  propagation  reversed,  but  without 
any  difference  being  observable. 

The  only  remaining  datum  necessary  for  the  calculation  is  the  quantity 
of  air  which  passes  through  the  whistle  in  a  given  time.  This  was  deter- 
mined by  a  laboratory  experiment.  The  india-rubber  tube  was  put  into 
connexion  with  the  interior  of  a  rather  large  bell-glass  open  at  the  bottom, 
and  this  was  pressed  gradually  down  into  a  large  vessel  of  water  in  such 
a  manner  that  the  manometer  indicated  a  steady  pressure  of  9|  centi- 
metres. The  capacity  of  the  bell-glass  was  5200  cubic  centimetres,  and 
it  was  found  that  the  supply  of  air  was  sufficient  to  last  26  j  seconds  of 
time.  The  consumption  of  air  was  therefore  196  cubic  centimetres  per 
second. 
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In  working  out  the  result  it  will  be  most  conyenient  to  use  consifitentlj 
the  C.G.S.  system.  On  this  system  of  measurement  the  pressure 
CTiployed  was  9^  x  981  dynes  per  square  centimetre,  and  therefore  the 
work  expended  per  second  in  generating  the  waves  was  196  x  9|  x  981 
ergs.  Now  the  mechanical  yalue  of  a  seiies  of  progressive  waves  is  the 
same  as  the  kinetic  energy  of  the  whole  mass  of  air  concerned,  sup- 
posed to  be  moving  with  the  maximum  velocity  of  vibration  (v) ;  so  t^t, 
if  8  denotes  the  area  of  tiie  wave-front  considered,  a  be  tiie  velocity  of 
sound,  and  p  be  the  density  of  air,  the  mechanical  value  of  the  waves 
passing  in  a  unit  of  time  is  expressed  by  iS.a.p.v*,  in  which  the 
numerical  value  of  a  is  about  34100,  and  that  of  p  lUnrnt  '0013.  In  the 
present  application  S  is  the  area  of  the  sur&ce  of  a  hemisphere  whose 
radius  is  82000  centimetres ;  and  thus,  ii  the  whole  energy  of  the  escap- 
ing air  were  converted  into  sound,  and  there  were  no  dissipation  on  the 
way,  the  value  of  v  at  the  distance  of  82000  centimetres  would  be  given 
by  the  equation 

.  2x196x9^x981 

"2^(82000)2  X  34100  x  -0013' 
whence  vaB*0014  centimetre  per  second. 

This  result  does  not  require  a  knowledge  of  the  pitch  of  the  sound.  If 
the  period  be  r,  the  relation  betwe^i  the  maximum  excursion  a  and  the 
roftTimnm  velocity  V  is 

2t 

In  the  present  case  the  note  <^  the  whistle  was /^^,  with  a  frequoicy  of 

about  2730.    Hence 

..-lOOW    „io-'x8.1, 
2tx2730 

or  the  amplitude  of  the  aerial  particles  was  less  than  a  ten-millionth  of 

a  centimetre. 

I  am  inclined  to  think  that  on  a  still  night  a  sound  of  this  pitch, 

whose  amplitude  is  only  a  hundred-millionth  of  a  centimetre,  would  still 

be  audible. 

III.  ''  On  the  alleged  Correspondence  of  the  Rainfall  at  Madras 
vnth  the  Sun-spot  Period,  and  on  the  True  Criterion  of  Peri- 
odicity in  a  series  of  Variable  Quantities.^'  By  General 
STRACHET3  E.E.,  C.S.I.,  P.R.S.     Received  May  8, 1877. 

A  paper  has  recently  been  printed  by  Dr.  Hunter,  the  Director-Gteneral 
of  Statistics  to  the  Government  of  India,  having  for  its  object  to  show 
that  the  records  of  the  rainfall  at  Madras,  for  a  period  extending  over 
sixty-four  years,  establish  a  cycle  of  rainfall  at  that  place  which  has  a 
marked  coincidence  with  a  correspondmg  cycle  of  sun-spots — ^the  rainfall 
and  sun-spots  attaining  a  minimum  in  the  eleventh,  first,  and  second 
years,  and  a  maximum  in  the  fifth  year. 
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Irrespective  of  its  scientific  interest,  the  condosion  thus  adc^ted 
would,  if  souud,  be  of  no  little  practical  importance,  as  it  would  supply  a 
means  of  indicating  the  probable  recurrence  of  those  seasons  of  excessiTe 
drought  which  produce  such  terrible  results  in  India,  and  from  one  of 
which  the  Madras  provinces  are  now  suffering  in  an  extreme  degree. 

It  is  probably  generally  known  that  the  conclusion  which  it  has  t^us 
been  stated  is  to  be  drawn  from  the  Madras  observations  had  been  con- 
sidered to  be  established  some  years  ago,  in  a  more  general  manner,  by 
Mr.  Meldrum,  the  Director  of  the  Meteorological  Observatory  at  Mmiri- 
tins,  a  paper  by  whom  on  this  subject  was  read  before  the  Boyal  Society 
in  1873,  and  may  be  found  in  vol.  xxi.  of  the  *  Proceedings,'  p.  297. 

As  the  numerical  results  of  the  method  of  treating  the  rain&U  obser- 
vation which  Mr.  Meldrum  and  Dr.  Hunter  have  followed  at  first  sight 
may  appear  to  support  the  conclusions  they  have  adopted,  it  has  seemed  to 
me  desirable  to  examine  the  &cts,  with  a  view  to  arriving  at  an  independent 
opinion  as  to  the  trustworthiness  or  otherwise  of  those  conclusions.  I 
shall  first  refer  to  the  Madras  observations  and  Dr.  Hunter's  results. 

The  Madras  roister  extends  over  sixty-four  years,  beginning  with  1813. 
The  mean  rainfidl  for  the  whole  period  is  48*5  inches.  The  deviations 
from  the  mean  vary  from  30*1  ins.  in  defect  to  39*9  ins.  in  excess.  The 
arithmetical  mean  of  these  deviations  (disregarding  the  signs)  is  12*4  ins. 
The  greatest  difference  between  two  consecutive  years  is  50*5  ina.,  and 
the  average  difference  15*8  ins. 

Dr.  Hunter,  in  order  to  test  the  point  which  he  proposes  to  investigate, 
divides  ike  sixty-four  years'  observations  into  six  cycles  of  eleven  years, 
and  calculates  the  arithmetical  mean  of  the  successive  years  of  the  whole 
series  of  cycles.  The  results  are  shown  in  the  following  Table,  the 
figures  in  which  represent  the  differences  of  the  several  years'  observations 
from  the  mean  of  the  whole  : — 


Table  I. 


Yean  of  oyola. 

Number  of  ojole. 

Itt 

2nd. 

3rd. 

4fch. 

5th. 

6th. 

7th. 

8th. 

9th. 

lOth. 

Utl 

/Ifltoyole 

in. 
-  3-4 

in. 
-16*1 

in. 
-h  7-6 

in. 
-  7-4 

in. 
-I-16-1 

in. 
+27-7 

in. 
-12-2 

in. 
-I-21-6 

in. 
-  1-4 

in. 
-hill 

in. 
-211 

I' 

2nd    .. 

-14-8 

+  7-6 

+12^ 

+39-9 

-10-6 

-11-6 

-161 

-.4-2 

-30-1 

-IW 

-ft 

•1*1 

3rd    ,. 

-  7-0 

-  3-8 

+  0-8 

+  3-8 

+  4-6 

+10-1 

+  9-8 

-120 

+  1-8 

-I-16-9 

-1* 

si 

4Ui     H 

+31-3 

+32-6 

+  6-3 

-  8-7 

-11-6 

+16-8 

+24-2 

-12-7 

-  63 

-16^ 

-  11 

1 

6th     „ 

-h  4-4 

0 

-h  6-6 

-20-9 

-U-3 

-10-3 

+  61 

-  1*3 

-  6^ 

+  2^ 

-2* 

l«h     ., 

-  7*1 

-16-2 

+25-6 

+  7-8 

+26-2 

+  33 

+14-4 

-11-4 

-27-0 

Mean  difference  1 
from  the  mean  } 
of e4 years  ...J 

+  0-6 

+  0-7 

+  9-8 

+  2-4 

+  1-9 

+  6-8 

+  4-4 

-  34 

-11-5 

+  w 

-1* 
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In  the  aboye  calculatioii  the  first  year  of  the  cyde  of  eleyen  is  1813,  so 
that  the  average  period  of  mazimam  sun-spots  will  be  aboat  the  third  or 
fourth  year  of  the  cycle,  and  the  period  of  minimum  will  be  about  the 
tenth  or  eleventh  of  the  cycle.  This  Table  certainly  seems  to  indicate  a 
period  of  maximum  between  the  third  and  the  seventh  years,  and  of 
minimum  between  the  eighth  and  the  second  years. 

But  to  estimate  the  true  weight  of  these  results  we  must  look  a  little 
deeper.  Now  the  only  signification  of  the  arithmetical  mean  of  a  series 
of  observed  quantities  is  that  it  is  a  quantity  above  and  below  which  there 
is  an  equal  amount  of  deviation  in  tlie  aggregate  of  individual  observations. 
Further,  conformity  to  a  law  of  any  sort  in  a  series  of  observations  in 
relation  to  quantity  is  obviously  to  be  tested  by  the  extent  of  deviation  of 
the  observed  quantities  from  the  results  that  such  law  requires.  Conse- 
quently, in  the  present  case,  the  question  whether  or  not  the  mean  values 
shown  in  Table  I.  can  be  accepted  as  showing  a  definite  law  of  variation 
from  year  to  year  in  the  cycle  must  be  determined  by  examining  the  differ- 
ences between  those  means  and  the  individual  observations  on  which  they 
are  based. 

Treating  the  observations  in  this  manner,  the  following  results  are 
obtained : — 

Table  11. 


'    Kumberof 
I          cycle. 

Years  of  cycle. 

1st 

2nd. 

3rd. 

4th. 

5th. 

6th. 

7th. 

8th. 

9th. 

10th. 

11th. 

ill. 

fl. 

in. 
-  4-0 

in. 
-16-8 

in. 
-  2-3 

in. 
-  9-8 

in. 
+13-2 

in. 
+21-9 

in. 
-16-6 

in. 
+24-9 

in. 
+10-1 

in. 
+10-4 

in. 

-  8-4 

2. 

-16-4 

+  6-8 

+  2-4 

+37-5 

-12-5 

-17-4 

-20-6 

-  0-8 

-18-6 

-121 

-h  4-0 

Il^i 

a 

-7-6 

-  4-5 

-  9-0 

^14 

+  2-7 

+  4-3 

+  6-4 

-  8-6 

+13-3 

+16-2 

+  3-0 

4. 

+30-7 

+31-8 

-  3-5 

-111 

-13-6 

-hl(H) 

+19-8 

-  9-3 

+  6-2 

-16-9 

+12-0 

,1^^^ 

5. 

+  3-8 

-  0-7 

-  3-2 

-23-3 

-13-4 

-16-1 

+  1-7 

+  2-1 

+  4-6 

+  2-2 

-10^ 

[e. 

-  7-7 

-16-9 

+15-8 

-h  6-4 

-I-23-3 

-  2-6 

+  100 

-  8-0 

-15-5 

Mean  differ--] 

WW©,  irre- 
spectiTe  of 
sign,    

11-5 

12^ 

6-0 

14-8 

131 

12-0 

12-3 

9-0 

11-4 

11-6 

7-6 

Mean  of  mean  differences  11*2  inches. 

Thus  it  appears  that  the  mean  difference  of  the  individual  observations 
from  the  calculated  means  shown  in  the  last  line  of  Table  L  differs  but 
little  from  the  mean  difference  of  the  individual  observations  from  the 
arithmetical  mean  of  the  whole  series.  In  other  words,  the  supposed  law 
of  variation  obtained  from  the  means  of  the  six  11-year  cycles  hardly 
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giTBS  a  closer  approximation  to  .the  actual  observations  than  is  got  by 
taking  the  simple  arithmetical  mean  as  the  most  probable  value  for  any 
year. 

In  order  to  obtain  a  practical  test  of  the  probable  physical  reality  of 
the  cycle  of  eleven  years,  I  have  calculated  a  series  of  mean  values  corre- 
sponding to  those  given  in  Table  I.  for  a  series  of  cycles  of  five,  six,  seven, 
eight,  nine,  ten,  twelve,  and  fourteen  years.  I  find  that  the  mean  di:Ser- 
ences  between  these  means  and  the  observed  quantities,  and  therefore 
corresponding  to  the  mean  differences  shown  in  the  last  line  of  Table  11., 
are  all  within  a  very  small  fraction  of  one  anoth^  and  of  the  mean  ob- 
tained from  the  11-year  cycle — ^in  short,  that  one  cycle  is  in  this  respect 
almost  as  good  or  as  bad  as  another. 

The  mean  differences  for  the  several  cycles  are  given  in  the  following 
Table:— 

Table  III. 


Ojclee  of 

Years  of  the  cycle. 

Mean 

1st. 

2nd.  3rd. 

4th. 

5th. 

6th. 

7th. 

8th. 

9th. 

jlOth. 

nth. 

12th. 

13th. 

14th. 

6  years. .. 

in. 
9-0 

in.    !in. 
9-5  12-8 

in. 
10-6 

in." 
18-3 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in 

.     i   in. 
11-9 

6  years... 

7-7 

13-2 

11-5 

14-7 

13-2  13-3 

... 

... 

.      12-2 

7  years... 

15-9 

8-9 

6-7 

12-4 

8-6  19-2 

12-6 

... 

... 

12-1 

8  years... 

6-2 

15-0 

121 

11-8 

8-0  11-3 

14-9 

16-3 

... 

... 

... 

11-8 

9  years... 

10-6 

11-2 

10-9 

12-6 

11-3  16-7 

107 

13-2 

70 

... 

... 

11^ 

10  years... 

8-5 

105 

7-8 

12-4 

17-7 

9-3 

7-9 

17-5 

8-4 

18-8 

... 

117 

11  years... 

11-6 

12-9 

60 

14-7 

13-1  120 

12-3 

9-0 

11-4 

11-6 

7-6 

112 

12  years... 

6-8 

11-4 

11-6 

13-0 

11-0  12-7 

7-8  16-4 

6-8 

13-4 

14-4 

13-9 

114 

14  years... 

17-7 

120 

4-5 

13-9 

7  6  [240 

141  14-2 

1 

51 

6-3 

11-3 

10-1 

12-2 

87 

11-9 

Now  if  in  any  series  of  quantities,  such  as  the  rainfall  observations  at 
Madras,  there  be  a  law  of  periodicity,  each  observed  quantity  may  be  sup- 
posed to  be  compounded  of  a  periodical  and  a  non-periodical  element.  If 
we  take  the  sum  of  a  large  number  of  cycles  each  of  which  coincides  with 
the  cycle  of  periodicity,  the  non-periodical  elements  will  tend  to  occur 
in  equal  amount  in  excess  and  defect,  and  thus  to  be  eliminated,  and  the 
means  for  the  successive  years  of  the  cycle,  or  whatever  the  intervals  be 
(which  I  will  term  cyclical  means),  will  tend  to  indicate  the  periodical 
elements  for  the  successive  intervals.  At  the  same  time,  the  difEerences 
of  these  cyclical  means  from  the  several  original  quantities  from  which 
they  were  obtained  will  approximate  to  the  several  non-periodical  elements. 
These  difEerences  I  will  call  cyclical  differences. 

In  proportion  as  the  periodical  elements  are  small  or  large  in  relation 
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to  the  corresponding  non-periodical  elements,  so  the  cjdical  dilEerenoes 
will  be  inversely  less  or  more  different  from  the  differences  between  the 
individual  observations  and  the  mean  of  the  whole  of  them ;  and  if  there 
be  no  periodicity,  the  cyclical  means  will  teqd  to  disappear,  and  the  two 
sets  of  differences  would,  in  a  sufEdently  long  series,  be  identical. 

Hence  it  may  be  inferred  that  when  the  cyclical  differences  closely  ap- 
proximate in  magnitude  to  the  mean  difference  of  the  original  observa- 
tions from  the  arithmetical  mean  of  all  of  them,  the  periodical  elements  in 
those  observations  must  be  correspondingly  small ;  and  this  applies  mani- 
festly to  the  whole  of  the  cycles  for  which  the  differences  are  shown  in 
Table  in. 

Further  to  test  the  reality  of  the  supposed  periodicity  shown  in  Table  I., 
I  have  rearranged  the  series  of  64  years'  observations,  in  a  purely  arbitrary 
manner,  in  cycles  of  eleven  years,  by  drawing  the  actual  observations  at 
random  one  after  another,  and  setting  them  down  in  succession  till  the 
whole  were  exhausted.  From  three  arbitrary  sets  of  six  cycles  thus 
prepared  the  mean  cyclical  difference  averaged  10*9,  11*2,  and  11*6 — 
results  which  again  indicate  that,  by  adopting  the  actual  sequence  of  the 
observed  quantities  of  rain  instead  of  taking  them  at  random,  we  pro- 
duce no  material  effect  on  the  mean  cyclical  differences,  nor  any  such 
tendency  to  a  diminution  in  their  numerical  value  as  necessarily  accom- 
panies a  true  periodical  element. 

It  is,  moreover,  important  to  bear  in  mind  that  the  mere  circumstance 
of  any  series  of  cyclical  means  showing  a  single  maximum  and  single 
minimum  gives  no  more  real  indication  that  such  a  result  is  a  truly 
periodical  feature  than  would  be  supplied  by  the  appearance  of  two  or 
more  maxima  and  minima.  The  law  of  periodicity,  if  it  exist  at  all,  can 
only  be  inferred  by  the  facts  indicated  by  observation ;  and  it  is  obviously 
to  argue  in  a  circle,  first  to  assume  a  cycle  on  which  to  work,  which 
shall  give  a  single  maximum  and  minimum,  and  then  to  infer  that  there 
is  true  periodicity  because  of  the  single  maximum  and  minimum.  The 
test  of  the  periodicity  is  in  truth  to  be  sought  altogether  outside  of  the 
particular  values  of  the  successive  cyclical  means. 

It  is,  of  course,  manifest  that  a  complication  of  periodical  elements 
may  so  mask  one  another  as  to  prevent  positive  results  being  obtained 
by  such  an  examination  of  the  cyclical  means  and  differences  as  I  have 
made  in  the  case  before  us.  But  the  whole  scope  of  my  present  argu- 
ment is  negative,  and  it  necessarily  leads,  I  think,  to  the  conclusion  that 
the  cyclical  variations  shown  in  Table  II.  from  the  mean  values  in 
Table  I.  are  so  great  as  to  show  that  any  apparent  regularity  or  ten- 
dency to  a  maximum  in  one  part  of  the  11-year  cycle,  and  a  minimum 
in  another,  has  no  real  weight,  and  that  there  is  no  proof  of  greater 
tendency  to  periodicity  in  the  11-year  means  than  in  the  original  isolated 
observations. 

This  might  perhaps  be  considered  all  that  need  be  said  on  this  subject 
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but  an  objection  may  possibly  be  made  to  the  effect  that  the  sun-spot 
period  is  not  exactly  a  cycle  of  eleven  years,  and  that  a  better  result  may 
be  obtained  by  a  comparison  of  the  observations  corresponding  to  the 
known  periods  of  maximum  and  minimum  sun-spots,  without  reference 
to  any  special  length  of  cycle.  The  following  Tables  show  the  results 
thus  arrived  at,  the  figures  representing  differences  from  the  mean  rain- 
fall for  the  whole  sixty-four  years. 

Table  IV. 


Rainfall  near  periods  of  maximum  sun-spots. 

Years. 

Two 
years 
before. 

One 

year 

before. 

Maxi- 
mum. 

One 
year 
after. 

Two 
years 
.after. 

Years. 

Two 
years 
before. 

One 

year 

before. 

Mini- 
mum. 

One 
y«u- 
after. 

Two 
after. 

1817. 
1830. 
1837. 
1849. 
1860. 
1871. 

in. 
+  7-6 

-.10-6 

-  7-0 
+32-6 

-  OK) 
-16-2 

in. 

-  7-4 

-11-6 

-  3-8 
+  6-3 
+  6-6 
+25-6 

in. 
+161 

-161 

-  0-8 

-  8-7 
-20-9 
+  7-8 

in. 
+277 

-  4-2 

+  3-8 

-11-6 

-11-3 

+25-2 

in. 
-12-2 

-30-1 

+  4-6 

+15-8 

-10-3 

+  3-3 

1823. 
1833. 
1843. 
1856. 
1867. 

in. 

-  1-4 

-  4-2 
+  9-8 

-  6-3 

-  6-9 

in. 
+  111 

-30-1 

-120 

-16-2 

+  2-9 

in. 
-21-9 

f-11-4 

+  1-8 

-  1-5 

-241 

in. 
-14-8 

-  9-5 

+16-9 
+  4-4 

-  71 

in. 

+  7*5 

-  7<1 
-10-5 

-  00 
-16-3 

Mean... 

+  1-0 

+  2-6 

-  4-0 

+  4-9 

-  4-8 

Mean... 

-  1-6 

-  8-9 

-11-4 

-  2-0 

-  5-a 

Mean 
difference 
from  mean 

12-6 

10-2 

lOO 

14-3 

127 

Mean 
difference 
from  mean 

}« 

127 

9-3 

10-1 

7-S 

Mean  of  mean  differences  120  inches. 

Mean  of  mean  differences  88  inches. 

These  results  are  also  negative.  The  maximum  period  cannot  be  said 
to  be  indicated  at  all.  The  minimum  shows  a  diminished  mean  cyclicid 
deviation,  but  this  is  due  to  the  years  furthest  from  the  supposed  mini- 
mum epoch ;  and  if  the  three  central  years  alone  are  reckoned,  the  result 
is  much  the  same  as  obtained  from  the  11-year  cycles. 

I  have  sought  for  a  further  test  of  the  character  of  the  conclusions 
that  I  have  been  discussing  in  the  rainfall  observations  at  Bombay  and 
Calcutta,  which  have  been  made  for  the  greater  part  of  the  period  over 
which  those  at  Madras  extend.  It  is  hardly  conceivable  that  there  should 
be  a  coincidence  with  the  sun-spot  period,  such  as  is  supposed  to  have 
been  found  at  Madras,  based  on  any  physical  cause,  which  should  not  in 
some  way  be  discernible  in  the  rainfall  at  Bombay  and  Calcutta.  Adopt- 
ing the  same  11 -year  cycle  for  the  observations  at  these  two  places  as 
was  used  in  the  case  of  Madras,  the  mean  results  for  the  three  localitiea 
are  exhibited  in  the  following  Table : — 
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11 

'St 
^1 

Mean  rainfall 
of  whole 
period. 

Arerage  differenoe  between  mean  rainfall  of  whole  period  of  obeerration 
and  means  of  each  year  of  cycle  of  eleven  years. 

let     2nd. 

3rd. 

4th. 

5tlL 

6th.  1  7th. 

8th. 

9th. 

10th. 

11th. 

Ibdrw... 
Bombay... 
Ciloitto... 

64 
52 

47 

in. 
485 

76-9 

65-8 

in. 

+  ae 

0-0 

+14-8 

in. 
+07. 

+41 

-5-2 

in. 
+9-8 

-11 

-80 

in. 
+2-4 

-2-4 

+1-5 

in. 
+  1-9 

+11-2 

+  4-6 

in.       in. 
+5-8  +4-4 

+2-9  +1-7 

-5-3  -0-3 

in. 
-3-4 

+5-4 

+00 

in. 
-11-5 

-  5-8 

-  5-0 

in. 
+  0-7 

-10-8 

+  1-8 

in. 
-135 

-  94 

+  1-8 

These  results  are  entirely  negative,  and  indicate  no  concordance  among 
the  means  of  the  several  jears  of  the  cycle.  The  Bombay  and  Calcutta 
observations,  treated  as  those  of  Madras  were,  to  ascertain  the  deviations 
of  individual  observations  from  the  successive  means  of  the  cycle,  give 
quite  similar  results.  The  deviations  obtained  for  Bombay  and  Calcutta, 
in  the  manner  shown  in  Table  II.,  are  as  follows : — 

Table  VI. 


obserrationi  and  means  of  each  year  of  oyde  of  eleven 
years. 

Mean  of 
mean  dif- 
ferences. 

1st. 

2nd. 

3rd. 

4th. 

5th. 

6th. 

7th. 

8th. 

9th. 

10th. 

11th. 

Bombay 

in. 
71 

79 

in. 
16-6 

6-6 

m. 
5-5 

71 

in. 
20-4 

14-6 

in. 
20-8 

12-3 

in. 
13-6 

8-4 

in. 
6-7 

79 

in. 
15-3 

143 

in. 
90 

50 

in. 
15-8 

4-5 

in. 
64 

51 

in. 
12-7 

80 

Qdeutta 

In  these  cases,  as  in  that  of  Madras,  the  mean  deviation  for  the  whole 
eleven  years  of  the  cycle  differs  very  little  from  the  mean  variation  of 
the  single  observations  from  the  arithmetical  mean  of  all  of  them,  these 
quantities  being  iar  Bombay  13*4  in.,  and  for  Calcutta  9*0  in. 

Although  my  special  object  in  the  present  communication  is  to  deal 
with  the  alleged  correspondence  between  the  Madras  rainfall  and  the 
•im-«pot  periods,  I  have  naturally  turned  my  attention  to  Mr.  Meldrum's 
speculationa  of  a  similar  character,  and  I  have  tested  some  of  them  in 
the  manner  that  I  have  just  explained. 

Taking  the  Greenwich  observations  for  fifty-five  years,  which  will  be 
found  at  page  307  of  vol.  xxi.  of  the  '  Proceedings  of  the  Boyal  Society,' 
in  Mr.  Meldrum*s  paper  before  noticed,  and  arranging  them  in  the  man- 
ner shown  in  Table  IV.,  the  following  results  are  obtained.  The  mean 
nin&U  for  the  whole  period  is  24*9  inches,  and  the  entries  are  the 
difbrenoes  from  Uiis  mean. 
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Table  VII. 


Bainfyi  near  periods  of  maximum  Bun-spotfl. 

Bainfall  near  periods  of  minimum  sun-^Kyts. 

Year. 

Two 
years 
before. 

One 

year 

before. 

Maxi- 
mum. 

One 

year 
after. 

Two 
years 
after. 

Year. 

Two 
years 
before. 

One 

year 

before. 

Mini- 
mum. 

One 

after. 

Two 
after. 

1817  

1830  

1837  

1849  

1860  

in. 

-  4-4 

+  3-6 
-h  6-7 
-121 

-  71 

in. 
+2-6 

-2-3 

+61 

+5-3 

+1-0 

in. 
+1-7 

+6-2 

-6-8 

-1-0 

+71 

in. 
-1-6 

+9-6 

-3-3 

-6-2 

-4-5 

in. 
+3-3 

+4-8 

+2-2 

-3-3 

+  1-6 

1823 

1834    

1844  

1866  

1867  

in. 
+6-6 

+4-8 

-4-9 

-5-9 

+3-8 

in. 
+0-1 

+40 

-2-4 

-11 

+5-8 

in. 
-0-6 

-M 

-3-0 

-3-0 

+3-5 

in. 
+81 

+6-7 

-6-2 

-3-5 

+0-2 

in. 

+61 
-1-4 
-71 
-09  ' 

Mean... 

-29 

+2-6 

+1-6 

-1-0 

+1-7 

Mean... 

+0-9 

+1-3 

-0-8 

+4-8 

-1-2 

Mean 
difference 
iVommeao 

.  60 

2-6 

40 

4-2 

21 

Mean 
difference 
from  mean 

.60 

2-9 

1-9 

4-8 

3-0 

Mean  of  mean  differenoee  3*8  inches. 

Mean  of  mean  differences  3*5  inches. 

In  this  case  the  mean  deviation  of  the  original  observations  from  the 
arithmetical  mean  of  the  whole  series  (24*9  inches)  is  4-1  inches.  This 
result  therefore  is  quite  analogous  to  that  obtained  from  the  Indiaa 
observations. 

I  have  not  attempted  to  make  detailed  calculations  in  other  cases,  but, 
so  far  as  I  can  judge,  the  evidence  of  the  alleged  periodicity  will  be  gene- 
rally found  to  fail  when  it  is  tested  by  comparison  with  ike  individual 
observations  on  which  it  has  been  made  to  rest. 

It  will  serve  to  illustrate  the  argument  on  which  this  paper  is  based 
if  we  consider  what  would  be  the  consequence  of  applying  it  to  a  case  in 
which  a  well-ascertained  periodicity  exists,  as  that  of  the  diurnal  baro- 
metric oscillation.  The  following  Table  gives  an  example,  taken  at 
random  from  an  old  Madras  register,  the  intervals  being  made  two-hourly, 
BO  as  to  reduce  the  number  of  calculations.  The  entries  are  the  differ- 
ences of  the  observed  barometric  heights  from  the  mean  of  the  whole  in 
thousandths  of  an  inch. 
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Oycleeof 

Interrals  of  oyde. — ^Two  hoort. 

ODe  day. 

0. 

2- 

4. 

6. 

8. 

10. 

12. 

14. 

16. 

la 

'.. 

22. 

Istcyde..: 

-38 
-87 
-72 
-63 
-52 

-  6 

-58 
-43 
-28 
-29 

+63 
-21 
+  2 
+18 
+  0 

+83 
+13 
+19 

+« 
+34 

+46 
-11 
-  2 

+22 
+  7 

+10 
-12 
-16 
-  7 
-21 

-1-32 

-  9 
-13 
+  4 

-  8 

+52 
+  1 
+21 
+20 
-1-85 

+78 
+16 
+57 
+64 

+54    —  ft 

-59 
-72 
-45 
—46 

2nd  , 

+  6 
+42 
+37 
+35 

-32 
—  2 
-13 
-13 

3cd    „    

4tli    ..    

5th   „    

—74 

Mean  differeaoe  ] 
from  mean  of  - 
60ob8. 

-62 

-33 

fl2 

+37 

+12 

-  9 

+  2 

+20 

+54 

+35 

-13-59 

1 

In  this  case  it  will  be  found  that  the  mean  deviation  (disregarding 
sign)  of  the  whole  of  the  observations  from  tiie  arithmetical  mean  of 
the  whole  (which  is  here  zero)  wiU  be  30*3. 

The  differences  between  the  mean  values,  given  in  the  last  line  of 
Table  TILL,  for  the  two-hourly  periods  and  the  individual  observations 
are  as  follows : — 

Table  IX. 


Cycles  of 

Interrals  of  two  hours. 

one  diy. 

0. 

2. 

4. 

6. 

8. 

10. 

12. 

14. 

16. 

18. 

20. 

22. 

'  Isteyde 

+24 
-25 
-10 

-  1 
+10 

+28 
-25 
-10 
+  6 
+  4 

+41 
-33 
-10 
+  6 
-  3 

+46 
-24 
-18 
+10 
-13 

+33 
-23 
-14 
+10 
-  6 

+19 

-  3 

-  7 
+  2 
-12 

+30 
-11 
-15 
+  2 
-  6 

+26 
-25 

-  5 

-  6 
+  9 

+24 
-38 
+  3 
+10 

+  2 

+19 
-30 
+  7 
+  2 
0 

+  7 
-19 

+n 

0 
0 

0 
-13 
+14 
+13 
-15 

1  2nd  .,    

1  3rd   „    

4th    „    

6th    „    

Mean  difference/ 
disregarding 
the  signs J 

14 

14 

19 

22 

17 

9 

13 

14 

16 

12 

7 

11 

( 

Mean 

of  me 

an  diB 

erence 

8  14. 

Here  a  true  periodicity  existing,  the  mean  o£  the  differences,  or,  as  I 
before  called  it,  the  cyclical  deviation,  is  reduced  to  14.  Moreover  the 
several  differences  for  the  separate  observations  for  the  successive  hours 
are  well  below  the  mean  variation  30,  and  none  of  the  separate  results 
is  so  high  as  that  figure. 

If  we  had  such  a  series  of  sixty  observations  as  is  contained  in 

VOL.  XXVI,  T 
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Table  YIII.,  and  had  no  knowledge  of  the  law  of  periodicify,  and  hypo- 
thetically  applied  a  period  of  ten  intervals  instead  of  twelve  (following 
the  process  the  results  of  which  for  Madras  are  given  in  Table  m.),  the 
inapplicability  of  such  a  period  would  immediately  be  made  apparent  by 
results  such  as  are  found  in  the  rainfall  observations.  On  the  hypothesis 
just  mentioned  the  mean  values,  corresponding  to  those  given  in  the 
last  line  of  Table  YIII.,  for  the  successive  intervab  of  the  six  arbitrary 
cycles  that  would  be  formed  would  be  as  follows : — . 


Tabls  X. 


Oydesof 
20  hours. 

Internals  of  two  hours. 

1. 

2. 

3. 

4. 

6. 

6. 

7. 

8. 

9. 

10. 

Mean  differenoe  ] 
from  mean  of 
eOobs 

-2 

-3 

0 

-1 

+2 

+1 

+1 

+3 

+3 

-3 

From  these  figures  the  following  differences  would  be  deduced  instead 
of  those  shown  in  Table  IX. 

Table  XI. 


Cycles  of 
20  hours. 

Intervals  of  two  hours. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Ist  period 

36 
4 
18 
11 
24 
11 

1 
65 

9 
25 

3 
28 

53 

87 

32 

57 

4 

7 

84 
57 
71 
43 
21 
20 

43 
23 
74 

4 
62 

5 

9 
12 
44 
46 
36 
34 

31 
12 
1 
64 
14 
55 

49 
15 
16 
31 
49 
32 

75 
12 
6 
15 
66 
16 

57 
4 
13 
60 
26 
71 

2nd    „      

3rd    „      

4th     „      

6th     ..      

6th     ^      

Mean  difference, 
disregarding 
signs 

17 

20 

40 

49 

35 

30 

30 

32 

30 

37 

Mean  of  mean  differences  32. 

The  contrast  between  these  results  and  those  given  in  Table  IX.  is 
most  striking,  and  calls  for  no  comment  in  detail. 

In  conclusion  I  would  explain  that  I  do  not  desire  to  call  in  qnestioa 
the  possible  or  actual  occurrence  of  periodical  terrestriAl  phenomena 
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corresponding  to  the  sun-spot  period,  but  to  point  out  in  the  6Me  of  the 
rainfall  not  only  has  no  sueh  correspondence  been  established,  but  that 
there  has  been  no  sufficient  evidence  adduced  of  any  periodicity  at  all. 

Appendix. — Received  May  17, 1877. 

Suppose  the  numerical  values  of  such  a  series  of  observations  as  that 
discussed  in  the  preceding  paper  to  be  represented  by 

Aj,  Aj,,  Aj, . .  .  for  the  first  year  of  each  cyde  of  (n)  years, 
Bj,  Bj,  B„  ...  for  the  second  years, 
and  so  on  for  (m)  cycles. 
Also  suppose  M  to  represent  the  arithmetical  mean  of  all  the  observa- 
tions, and  PasJpbfPef  •  •  •  to  be  the  periodical  variations  from  the  mean, 
M,  for  the  several  series  of  the  A,  B,  • .  .  years  of  the  cycles,  and  the 
corresponding  non-periodical  variations  to  be  a„  a„  a„ . . . ,  6„  6„  6,, . . . , 
and  so  forth — all  these  quantities  being  affected  by  their  prop^  signs. 

Then  if  M.  represents  the  mean  value  of  any  series  A^,  A,,  A„  . . . , 
we  should  have  for  (m)  cycles — 

where  e^  with  its  proper  sign  represents  the  non-periodical  portion  of  the 
mean  value  of  the  A  series  for  (w)  years. 

With  a  sufficiently  prolonged  series  of  .cycles  the  quantities  a^  a,,  • .  • 
will  tend  to  cancel  one  another  and  f«  will  disappear;  so  that  M«  will 
then  become  equal  to  M+p^,  and  M.— M«=sjp,. 

If,  therefore,  there  is  a  truly  periodical  element,  the  difference  of  the 
mean  of  all  the  observations,  and  of  the  mean  of  any  series  (A)  of  the 
cycle  of  periodicity,  will  (in  a  sufficiently  extended  series  of  observations) 
tend  to  be  identical  with  the  periodical  element  (p.)  for  that  cyde. 

This  holds  good  of  all  the  series  A,  B,  C, . . . ;  and  therefore  the  sum 
of  all  the  differences  last  mentioned  for  the  several  series  will  tend  to 
equality  with  the  sum  of  all  the  periodical  elements  of  the  several  series. 
This  will  be  true  whether  we  re^urd  the  algebraic  sign  or  not.  If  we  so 
regard  it,  the  sum  of  the  differences  will  evidently  become  equal  to  zero, 
as  also  win  the  sum  of  the  periodical  elements.  If  we  disregard  the 
signs,  the  sums  will  have  a  numerical  value,  which  call  S.  This,  if 
divided  by  (n),  the  number  of  years  in  the  cycle  of  periodidty,  will  indi- 
cate the  mean  deviation,  either  in  excess  or  defect,  of  the  periodical  de- 
ments from  the  arithmetical  mean  of  aU  the  observations. 

Hence,  when  there  is  a  true  periodidty,  the  sum  of  these  differences 
taken  without  regard  to  sign  tends  to  become  an  invariable  quantity,  and 
the  numerical  magnitude  of  this  quantity  indicates  the  magnitude  of  the 
periodical  variation. 

Let  us  next  consider  the  case  in  which  there  is  no  truly  periodical 
element.  HereM.=M-f  ^.  and  M«— M^f^.  If  B,  represents  the  mean 
numerical  value,  irrespective  of  sign,  of  all  the  deviations  of  an  indefi- 

t2 
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nliely  prolonged  series  of  observed  quantities  Ap  A,, . .  •  from  their  mean 
M.,  then  the  probable  value  of  «.  deduced  from  the  mean  of  (w)  cycles,  or 
series  of  observations  of  A,  also  irrespective  of  sign,  will  (according  to 

the  known  laws  of  the  combination  of  errors)  equal  -r-^.    The  same 

Mill  hold  good  of  all  the  series  B,  C,  &c.  At  the  same  time,  as  there  is 
no  periodicity,  and  all  the  observations  are  presumably  liable  to  errors  or 
irregularities  of  the  same  general  character  in  a  positive  or  negative  di- 
rection, the  quantities  E«,  £^  &c.  will,  in  a  sufficiently  prolonged  series, 
tend  to  equality  one  vidth  another  and  also  with  the  mean  deviation, 
irrespective  of  sign,  of  all  the  observed  quantities  from  the  arithmetical 
mean  of  the  whole  of  them,  which  call  E. 

Hence,  when  there  is  no  periodicity,  the  sum  S,  as  before  defined,  tends 

to  become  n  x  -7=. 
V  w 

We  are  thus  led  to  the  conclusion  that  the  consideration  of  the  succes* 

sive  values  of  the  quantity  S  as  the  number  of  cycles  of  periodicity 

increases  affords  a  true  criterion  of  the  presence  or  absence  of  a  periodical 

element.    If  as  (m)  increases  this  quantity  is  gradually  reduced  in  a  ratio 

E 
approximating  to  77=,  we  may  infer  that  the  periodicity  is  small  or  does 
V  w 

not  exist.  On  the  other  hand,  if  the  value  of  8  tends  to  become  luvari- 
able,  and  continues  to  be  of  considerable  numerical  magnitude  after  a 
prolonged  series  of  cycles,  the  existence  of  a  true  periodical  element  is 
apparent. 

Q 

In  the  Madras  observations  the  successive  values  of  —  (obtained  by 

combining  one  after  another  the  observations  of  one  cycle  of  11  years,  of 
two  sUch  cycles,  of  three,  and  so  on,  till  the  whole  six  are  united)  are 
shown  below,  contrasted   with    the    corresponding    calculated   values 

°'   Vm*  Table  XU. 


Number  of 
cycles. 

From  obeerraiion^ 
8 
n 

Calculated, 
B 

1  cycle 

2  cycles    

13-2 
9-6 
73 
4-9 
45 
4-5? 

3-4 
3-2 
2-7 

! 
13  2 

100 

3      , 

r>-9 

4  

6-4 

5  , 

5*3 

0  „    

5-1 

Ot                         ) 

12  , 

3-8 

18     ' 

30 
07 

24     1 
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The  last  cycle  of  the  six  is  not  complete,  and  the  value  of  -    is 

n 

therefore  doubtful.    As  the  observations  only  extend  to  six  cycles,  in 

order  to  test  the  process  I  have  continued  the  calculation  to  twelve, 

eighteen,  and  twenty-four  cycles,  by  combining  with  the  real  observations 

the  three  series  formed  at  hazard  by  a  chance  redistribution  of  the  original 

observations.     This  of  course  gives  no  support  to  any  conclusions  as  to 

the  existence  of  periodicity  in  the  case  of  Madras ;  but  it  shows  how,  in 

the  absence  of  periodicity,  the  theory  is  completely  verified. 

The  Bombay,  Calcutta,  and  Greenwich  observations,  similarly  treated, 
exhibit  similar  results. 

In  strong  contradistinction  to  the  above  results  are  those  that  follow 
on  treating  in  a  similar  manner  the  barometric  observations  given  in 
Tables  VUl.  and  IX. ;  while  these  same  observations,  when  their  true 
periodicity  is  destroyed,  as  in  Tables  X.  and  XI.,  show  results  quite 
similar  to  those  seen  in  Table  XII. 

The  following  Table  shows  these  results,  both  with  the  periodicity  as 
it  really  exists  and  after  it  has  been  destroyed  : — 

Table  Xm. 


1 

1 

1 

Beal  periodicity. 

Periodicity  destroyed. 

Number  of 
cjcles. 

From  obserration, 
S 
n 

Calculated, 
£ 

From  obaerration,    Calculated, 
S               j           E 

1  cycle    

371 
31-0 
29-4 
29-5 
29-5 

25-2 
190 

29-4 

17-8            '        2G2 

14-7                    ion 

2cycle8 

!  3     

4            

lG-2         j            10-7                    16-8 
130         j             5-6                    140 
1              1-9                     15in 

I5 ;: 

6     

1 

1 

I 

The  fact  that  the  figures  in  the  last  column  but  one  are  so  much  less 

E 
than  the  calculated  values  of  -^  evidently  arises  from  the  want  of  con- 
formity of  the  numerical  values  of  the  quantities  which  are  found  in 
Table  VIII.  with  the  assumed  law  of  the  probable  numerical  distribution 

E 
of  errors  on  which  the  theoretical  value  -7^=  rests ;  but  the  mutual  de- 

V  m 

struction  of  the  non-periodical  elements  earlier  than  this  theory  would 

have  required  does  not  affect  the  general  reasoning. 
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•'  On  the  Calculation  of  the  Trajectories  of  Shot/'  By  W. 
D.  Niven,  M.A.,  F.R.A.S.  Communicated  by  J.  Clebk 
Maxwell,  F.R.S.,  Professor  of  Experimental  Physics  in  the 
University  of  Cambridge.     Received  March  24,  1876*. 

In  the  present  state  of  our  knowledge  of  the  resistance  of  the  air  to 
shot,  the  problem  of  integrating  the  equations  of  motion  of  the  shot  and 
of  plotting-out  a  representation  of  the  curve  described  by  it  is  peculiar, 
because,  according  to  the  best  experiments  we  possess,  the  law  of  the 
retardation  cannot  be  expressed  by  a  single  exact  formula  which  is 
available  for  the  solution.  We  are  therefore  compelled  to  give  a 
solution  adapted  to  Tables,  the  magnitudes  of  the  retardation  being  set 
down  in  those  Tables  for  velocities  ^hich  are  common  in  practice.  The 
formulas  given  by  Hutton  and  by  Didion,  even  if  they  were  true,  apply 
only  to  spherical  shot ;  and  though  they  are  very  simple  formulas,  the 
solutions  obtained  by  means  of  them  are  not  satisfactory — first,  by 
reason  of  their  complexity,  and  next  on  account  of  the  rough  approxima- 
tions which  characterise  the  proofs. 

Prof.  Helie,  who  gives  an  account  of  Didion's  method  in  his  ^  Traite  de 
Balistique,'  says  that  it  gives  results  which  are  not  in  accordance  with 
fact.  The  fault  may  probably  be  laid  in  a  great  measure  to  the  charge  of 
the  formula ;  for  there  can  be  no  doubt  that  Mr.  Bashforth's  method  of 
experimenting  with  his  chronograph  and  screens  gives  more  trustworthy 
and  more  extensive  information  than  the  ballistic  pendulum  experiments 
of  Hutton  and  Didion;  and  Hutton's  formula,  as  well  as  Didion's, 
agrees  with  Mr.  Bashforth's  Tables  only  for  a  limited  range  of  velocities. 

Mr.  Bashforth  himself  makes  no  attempt  to  condense  his  Tables  into 
concise  formulas.  Accordingly,  as  we  shall  presently  see,  he  adopts  a 
solution  which  is  capable  of  being  employed  in  conjunction  with  his 
Tables.  He  divides  the  trajectory  into  small  arcs,  and  finds  for  every  arc 
the  time  and  the  horizontal  and  vertical  distances  from  one  end  of  the 
arc  to  the  other.  The  entire  trajectory  may  then  be  plotted  out,  and  the 
whole  time  and  range  may  be  discovered,  as  well  as  the  final  inclination 
of  the  direction  of  motion.  The  amount  of  labour,  however,  in  calcu- 
lating all  the  quantities  for  a  single  component  arc,  even  with  the  aid  of 
copious  tables,  is  so  great  that  I  was  led  to  examine  whether  any  thing 
could  be  done  towards  simplifying  the  solution  and  reducing  the  amount 
of  calculation.  It  will  appear  in  the  sequel  that  rules  of  comparatively 
easy  application  can  be  employed,  and  that  the  tables  necessary  for  their 
use  are  already  existing  or  can  be  easily  formed. 

Meanwhile,  without  entering  into  details,  it  will  be  convenient  to  give 
a  brief  account  of  the  drift  and  scope  of  what  is  attempted  in  this  paper. 

*  Bead  May  11,  1876.    Sec  Tol.  xxr.  p.  18. 
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The  work  is  arranged  under  three  heads,  which  are  called  the  First,  the 
Second,  and  the  Third  Methods,  intended  to  signify  three  distinct  and 
di&rent  solutions  of  the  problem  of  finding  the  motion  of  shot. 

The  First,  which  is  the  one  adopted  in  Mr.  Bashforth's  treatise,  is  a 
solution  on  the  assumption  that  the  retardation  due  to  air-resistance  is 
/«v',  where  /i  is  a  constant.  Now  in  the  actual  case  /i  is  not  constant ; 
and  therefore,  in  dealing  with  the  equations  of  motion  over  any  compo- 
nent part  of  the  trajectory,  a  mean  value  of  /i  must  be  used. 

In  contrast  to  the  first  method,  the  third  adopts  the  mean  value  of 
another  quantity,  viz.  the  inclination  of  the  direction  of  motion.  The 
same  thing  was  done  in  General  Didion's  solution,  in  which  it  was  neces- 
sary to  employ  the  mean  value  of  the  cosine  of  the  inclination.  It  will 
be  found  that  in  selecting  this  mean  we  really  implicate  more  quantities 
than  /I.  But  then  there  will  be  this  advantage,  that  whereas  there  is  no 
way  of  determining  the  mean  of  /i  by  the  first  method,  and  the  greatest 
uncertainty  prevails  regarding  it  when  comparatively  large  arcs  are  inte- 
grated over,  according  to  the  work  now  presented  the  nature  of  the  mean 
is  investigated.  In  fact  the  determination  of  the  mean  angle  may 
be  said  to  be  the  chief  object  and  point  in  these  investigations,  because  it 
will  be  seen  that  there  is  no  difficulty  in  establishing  any  of  the  equations 
which  will  be  used,  and,  excepting  the  labour,  no  difficulty  in  forming 
the  Tables. 

"What  is  described  as  the  Second  Method,  although  a  distinct  solution 
when  the  retardation  is  formulated  by  /iv*,  is  to  be  regarded  as  a  mere 
stepping-stone  to  the  one  which  follows  it.  It  is  in  the  second  method 
that  all  the  quantities  are  expressed  in  terms  of  the  mean  inclination  and 
the  magnitude  of  that  angle  determined.  The  quantity  /i  is  taken  con- 
stant ;  and  therefore,  in  the  case  when  naS,  if  we  use  the  same  mean 
value  of  /I  as  in  the  first  method,  we  ought  to  get  a  solution  much  the 
same.  Beyond  this,  the  second  method  possesses  no  further  practical 
value  in  the  business  now  in  hand,  being  entirely  superseded  in  that 
respect.  Its  chief  value  and  importance  consist  in  the  determination  of 
the  mean  angle,  because  it  is  shown  that  the  same  value  of  that  mean  may 
be  used  in  the  third  method. 

This  point  being  settled,  it  will  be  found  that,  according  to  the  latter 
method,  all  the  required  quantities  will  depend  on  three  integrals,  two  of 
which  (the  space-  and  time-integrals)  have  already  been  tabulated  by  Mr. 
Bashforth.  The  third,  which  may  be  called  the  velocity-integral,  is  now 
also  tabulated  for  ogival-headed  shot,  and  will  be  found  further  on. 

§  2.  It  seems  convenient  at  the  outset  to  define  the  symbols  which  will 
be  employed  throughout  the  work  : — 

V  will  denote  the  velocity  of  the  shot  at  any  point  of  the  trajectory  5 

u,  the  horizontal  component  of  v ; 

^,  the  inclination  of  the  direction  of  motion  to  the  horizontal  line  in  the 
plane  of  the  trajectory  (the  deflection  from  the  plane  being  neglected) ; 
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t,  the  time ; 

w,  the  horuontal  distance  from  some  fixed  point ; 

y,  the  vertical  distance. 

The  integrations  will  be  performed  over  a  component  arc  of  the  trajec- 
tory, and  the  three  last  quantities  are  measured  frcHn  the  beginning  of 
the  arc.  The  values  of  t,  w^  and  y  over  the  whole  afc  will  be  denoted  by 
Ty  X,  and  Y.  The  values  of  u  at  the  beginning  and  end  of  the  arc  will 
be  denoted  by  jp  and  q ;  those  of  ^  by  a  and  /3.  The  acceleration  doe  to 
gravity  is  denoted  by  g. 

FiBST  MSTEOB. 

§  3.  The  solution  adopted  by  Mr.  Bashforth  is  the  famous  one  first 
given  by  John  BemouUi  and  published  in  1721.  It  applier  to  any 
retardation  formulated  by  /iv".  All  the  characteristic  quantities  are 
expressed  in  terms  of  ^,  which  may  be  accomplished  briefly  thus  : — 

The  equations  of  motion  in  the  horizontal  direction  and  in  the  direc- 
tion of  the  normal  to  the  trajectory  in  the  ascending  branch  are 

^«-;ilf"COS^, (1) 

^^^-9<^^^ (2) 


Hence 

^~1 


^=iiv^^ (3) 


«iiu**'*sec*+**. 
9 

Integrate  this,  recollecting  that  the  initial  values  of  u  and  ^  arep  and 
a,  and  get 

l-i  =  iipnsec-^■Ud^. 

If  the  symbol  P(p  denotes  I    n  sec^^  ^  c^,  the  equation  will  become 
i-i  =  £(P._p.). 
The  horiaontal  velocity  at  the  end  of  the  arc  is  therefore  giren  by 

^-^  +  f(P--P^) •    (A) 
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At  the  vertex  of  the  trajectory  the  velocity  «,  is  given  by 


If  we  put 
we  have 

From  equatdon  (2), 


y=t< (4) 


-i 


by  (5), 
Again, 


^  r^    sec 

■^.1(1- 


dor 


Similarly, 


(5) 


•_8e^^rf* (B) 


xsziudt^—  (— sec'^cf^; 

^^^r>      ,ee>^ (C) 

Y_tgf'fa>n^8eo'»^ pj 


§  4.  The  law  of  retardation  found  by  Mr.  Bashforth,  in  his  own 
symbols,  is  expressed  by  26v*,  where 

W(iooo)'' 

d  being  the  diameter  of  the  cross  section  of  the  shot  in  inches,  W  its 
weight  in  pounds,  and  K  a  quantity  which  is  a  function  of  the  yelocitj, 
and  whose  values  are  tabulated  between  certain  values  of  the  velocity  for 
every  ten  feet.    In  integrating  the  equations  of  motion  over  any  arc,  thi9 
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quantity  K,  and  therefore  26,  is  taken  constant,  its  mean  value  over  the 
arc  as  near  as  it  can  be  gueased  at  being  used. 

Taking  this  law,  the  above  results,  written  in  the  order  in  which  thej 
^^'Ould  be  used  by  a  calculator,  are  as  follows :— 

(^)*-(T^)'-wf '•• *> 

,p    «„r«  Bee'fdf ,jv 

^J.(i-rP.)" 

X=Jr',i52l^ (e) 

T— **o  r*  tan  ^  see^  ^  c/^  ,fx 

"^J^     (i-rP,)»~ ^  ^ 

The  last  three  integrals  Mr.  Bashforth  has  given  ample  tables  for, 
corresponding  to  different  values  of  y  and  between  certain  ranges  of 
angle.  If  there  is  no  table  for  the  exact  value  of  y  which  results  from 
equation  (c),  a  method  of  interpolation  must  be  employed.  The  integral 
P,^  is  in  this  case  dtan^+tan^^,  and  its  values  are  tabulated  as  well  as 
those  of  its  logarithm. 

It  will  thus  be  seen  that  there  are  six  distinct  operations  of  some 
length,  the  first  being  the  most  serious,  because  there  is  some  difficulty 
in  getting  K  right.  Supposing,  however,  that  point  to  be  settled — and  I 
shall  afterwards  offer  a  few  observations  which  will,  I  think,  make  the 
solution  of  (a)  easier — the  quantity  y  must  be  found.  It  will  be  seen  that 
(b)  and  (c)  are  mere  stepping-stones  to  the  time-  and  distance-integrals. 

I  shall  now  enter  into  an  examination  of  the  equations  of  motion,  with 
the  object  of  proving  other  formulae,  which,  when  we  have  once  discovered 
the  velocity  at  the  end  of  the  arc,  will  give  the  time  and  distances  with 
two  operations. 

Second  Method. 

§o.  1  remark,  first,  that  although  Bernoulli's  solution  succeeds  in 
expressing  all  the  quantities  in  terms  of  integrals  of  ^,  yet,  o^-ing  to  the 
difficulty  and  complexity  of  the  integrals,  it  is  practically  valueless,  except 
in  two  cases — ^first  when  n=5 1,  and  next  when  n=3.  I  doubt,  moreover, 
whether,  in  the  case  n*»3,  it  is  the  best  solution  when  /i  is  not  constant, 
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and  its  mean  yalue  must  therefore  be  taken  over  a  small  arc.  The  tables 
being  such  as  thej  are,  there  can  be  no  doubt  that,  if  it  were  possible,  the 
most  conyenient  independent  variable  would  be  the  velocity  itself.  On 
the  other  hand,  all  attempts  at  humouring  the  equations  of  motion  so  as 
to  intfoduoe  the  velocity  as  independent  variable  are  of  no  avail.  When 
the  trajectory  is  very  flat,  it  may  be  possible  to  get  results  which  are  not 
very  objectionable ;  but  no  general  solution  is  hereby  attainable.  The 
forms  of  the  equations,  however,  suggest  as  a  possibly  good  substitute 
the  horizontal  component  of  the  velocity.  Accordingly,  taking  this  quan- 
tity as  independent  variable,  I  now  proceed  to  find  the  distance-integrals 
by  a  method  of  approximation. 
Since 

dx 


and 


Similarly, 


du 

^=-^t;»C08^, 


dx             1         ..,        1 
__  SB COS*^  <b 

at*  a  tt*~ 


«  «     du 
sm^cos*"'^ — ,. 


§  6.  Our  business  now  is  to  substitute  for  ^  its  value  in  terms  of  u. 
To  enable  us  to  do  this,  put  ^sa— i//  and  expand  in  powers  of  y\n  we 
have 

..     L-L^t(n  aed^'  a^-  "^^^^  sed^'  a  tan  0.^+  etc.Y  (6) 

W      p^      g\  2  / 

Also 

cos""'  ^=C08""*  a+ (n  —  1)  cos""*  a  sin  oi^ 

+!Lzl{(n-2)co8"/»osin'o-co8"-'a}.p»  .   1(7) 
+etc •    » 
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And 

sin  ^  C0B""*^=8in  a  cos""*  a+  {(n— 2)  sin*  a  cos""*  a— oos""*  a}i/^ 

+  {(n-2Xn-3)8m*a-(3nr.5)coB*a}  BmaOoe-*a  ^  V.     (8) 


+  etc. 


I  now  propose  to  neglect  the  squares  and  higher  powers  of  ^.  The 
efEect  of  this  on  the  (c)  integral  will  be  that  we  hisiTe  now  to  find  X 
from 


cos" 


s^'^g  C^  du    ,  (n— 1) cos*"* g sing  T'   ,  du 
Call  the  two  integrals  in  this  expression  Q  and  B.    Then 

and,  taking  account  of  eqiiation  (6), 

gcoB'^'af     1      /    1 ]^\_    1     l/^JL LM 

%~jr'\2n-2V?^*    p*^/     ir:^jp-l.2*"*    P*^yj' 

Let  this  be  put  equal  to 


Q(a-i3)/. 
len,  since 


see  that 


1   /  1 l_\ LirJ L\ 

Now  let  -  r-  -  «iX,  so  that  j>X|  s-^  — 1  j  may  be  regarded  as  a  £nu»- 
in  whose  square  may  be  neglected.    We  get 


n,  ..,  .  3n'— 7n.  ..,     7n^-36nM:47n.  .w 
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.     v-i3g+(8*»-7Xi)-g) 

„,(3n-7)p-(3n-10)g 
*    (»_2)p-(»_3)5    • 

The  value  of  X  is  now  seen  to  become 

-  {co8"-»  o+(n-l)  co8-»  o  sin  o(o-/3y  }Q= -cos-»^Q, 

vbete 

=^+(i-/X«-/3) 

It  18  obvions  that  the  Talue  of  Y  may  be  obtained  in  exactly  £he  same 
way,  and  that  its  magnitude  is 

-eo8"~*i8iniQ. 

§  7.  It  is  necessary  now  to  enter  into  an  examination  of  the  magnitudes 
of  the  errors  committed  in  neglecting  squares  of  the  quantity  i//,  and  to 
discuss  how  isx  (that  is  to  say,  for  what  size  of  arc)  we  may  with  safety 
employ  the  values  of  X  and  Y  just  obtained. 

Before  doing  so,  I  shall  briefly  remark  on  the  step  that  we  took  iU 
neglecting  (pX)'  in  the  value  of/.  On  an  examination  of  equation  (9),  it 
will  be  seen  that  the  principal  part  of  the  error  committed  amounts  to 

The  error,  therefore,  in  the  angle  ^  is 

The  consequent  errors  in  Xand  Y,if  we  put  D  for  the  number  of  degrees 
in  a— /3,  are  given  by 

X  ^*  12  \    2    /  ISO    • 

S^xsM  a  similar  expression. 

For  the  sake  of  simplicity,  and  to  fix  our  ideas,  let  us  take  the  case  of 

V2 
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ns3,  and  suppose  that  we  are  integrating  orer  an  arc  of  5^,  in  which  one 
fourth  of  the  horizontal  velocity  is  lost.    Then 

^--tan^.yxVir; 

•y =cot  2^  j^  approximately. 

It  will  therefore  be  observed  that  the  error  committed  is  trifling.  As 
^  will  be  small  over  the  greater  part  of  any  trajectory,  this  error  will 
chiefly  affect  Y ;  but  by  good  fortune  the  sign  of  the  error  is  opposite 
to  the  error  we  shall  presently  find,  and  therefore  helps  to  neutralize  that 
error. 

Betuming  to  the  integral  for  X,  we  are  now  to  take  account  of  the 
square  of  ^.    Let  the  right-hand  side  of  equation  (6)  be  put  equal  to 

^nsec^*"*ai^'. 
9 
Then 

f=^«!^tan«,^, 
.-,   ^=f+!i+ltanai^^ 

Substituting  this  value  of  i/^  in  the  expansions  of  cos'^Y  and  cos"~'^sin^, 
we  get 

cos*-*  a+ (n  - 1)  cos"-* a  sin  a^* 

+!^  {2nsin»a-l}  cos'-^ai/.'* 

+  etc, 
and 

cos*"*asina+{(n— 2)sin'a— cos'a}  cos*^ai/^ 

+  {2(n-lXn-.2)sin'a-4(n-l)cos'a}cos-*a8ina£' 
+  etc 

When  the  expressions  just  found  are  substituted  in  the  (C)  and  (D) 
integrals,  it  is  obvious  that  we  have  to  determine  these  two  integrals^ 


"■=r*'-^' 
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Eeferring  to  the  myestigation  of  E  in  §  6,  we  see  that  the  woA  for  B' 
will  be  the  same,  except  that  instead  of  a-)3  we  should  have  to  put  an 
angle  \i/  corresponding  to  it,  such  that 

4,' »  a--^  -  ^i  tan  a(a-)S)*. 

The  error  in  X  due  to  the  difference  between  B'  and  B  is  /. 

-!i^cos-a  sin»  a(a-)3)HJ/. 

The  integral  S'  may  be  reduced  in  the  same  way  as  the  integral  B. 
Hie  most  important  part  of  it  will  be  found  to  be 

Vi— 3— . 
The  corresponding  error  in  Z  is  therefore 

"^  (2n  sin'a-l)co8"-*ai^=^*Q. 

In  the  former  of  these  two  components  of  the  error  of  X  it  will  be 
sufficient  for  the  purposes  of  an  estimate  to  put /»  j.  In  that  ease  the 
sum  of  the  two  component  errors  (call  it  3X)  amounts  to 

^^^(n-3)sm'a-2-y  eos-a(«-/3)'Q. 

It  may  be  shown  in  a  similar  way  that  the  error  in  Y  is  given  by 
aY=^|(^-lX**-8y«-5"+ll\  sinaco8-'«(«-)3)»Q. 

A  discussion  of  these  expressions  for  any  assigned  value  of  n  would 
detennine  for  what  magnitude  of  arc  we  might  with  safeiy  employ  the 
formuliB  for  X  and  Y.  I  shall  confine  myself  to  the  case  when  naS,  and 
for  the  purposed  of  a  ready  estimate  I  shall  take 

X=lcos«?i+^Q, 
II  2 


ft  z  2 


T  =  lcos2+^sini+^Q. 
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It  thus  appears  that  when  ns3, 

X**^l+cos(a+/3)      3     ' 
and 

aY_        2  tana     (a-)3)' 
T        sin(o+/3)      3     ' 

Now  suppose  we  were  integrating  over  an  arc  of  6®,  then    ■  ~^^ 

might,  approximately, be  put  equal  to  g^ffgi  =* afs'  ^^  results  would 
therefore  be  less  than  -^  in  error.  Moreover  the  error  in  Y,  which 
is  really  the  more  important  of  the  two,  is  less  than  this,  as  I  have 
pointed  out  at  the  beginning  of  this  article.  If,  therefore,  the  fcHmoke 
are  otherwise  serviceable,  their  inherent  errors  do  not  seem  to  be  a  great 
objection  to  their  use. 

§8.  The  formulsd  for  X  and  Y  already  found  apply  only  to  the 
ascending  branch  of  the  trajectory.  A  little  consideration  enables  us  to 
see  that  the  same  formulae  apply  to  the  descending  branch,  provided  the 
mean  angle  ^  is 

a-f/3 j?— g  /3— g 

2       (n^2)i>-(n-3)g     6   ' 

j3  being  now  greater  than  a. 

§  9.  In  the  preceding  articles  we  have  neglected  all  consideration  of 
the  time-integral.  It  may,  of  course,  be  treated  in  the  same  way  as  the 
distance-integrals.  I  shall  not,  however,  go  into  the  general  case,  but 
shall  merely  state  the  result  in  the  important  case  when  ns3, 


where  ^'  is  equal  to 


«+/3  r  i>"g    (a-/3) 
2    ^9p-Sq      2 


in  the  ascending  branch,  and 

2       9p-32      2 
in  the  descending. 

If  the  arc  integrated  over  is  smaU,  f  is  not  very  different  from  ^. 

§  10.  I  propose  now  to  collect  the  results  I  have  proved,  stating  them 
in  the  order  and  form  in  which  they  would  be  used  in  conjunction  with 
Mr.  Bashforth's  tables  for  E. 
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Summary  of  BesuItB  when  nssS,  u^-==t. 
^  "^  '^    W  1000* 

%s«+/3+£::2!^(a8eeiidingbnuich>,    .    ,    . 
P       o 

o+jS— ^^  fiZf^  (descending  branch),      «    • 
P       3 

2^'=a+/3+-|^^(a-/J) (ascending branch),*    • 
or 

a+/J-l£Z^(/S-a)  (descending  branch);  . 

T    W,.  .       0-. 600,000/1000    1000\  ,  . 

X=-2,(l+cos%)-^(^-^-^j.    .    .    .    .    (c) 

V    W.    0-600,000/1000    1000\  ... 

T«^sm2^^_(^_— —j, (d) 

T    Wn^-^aaI^260/T000|«    iOOo]«\  ,. 

T=-(l+eos2^)^(^-_|-— II      •    .    .    .    (e) 

These  f ormnl»  might  very  easily  be  used  if  the  calculator  were  famished 
with  tables  of  -«-  and  ( -^jt- )  where  N  ranges  between  the  magni* 
tades  of  the  Telocity  occurring  in  practice. 

SemarJcs  <m  the  Equation  giving  the  Fall  of  Vdoeity  in  an  Arc. 

§  11.  It  will  be  observed  that  the  two  foregoing  methods  each  open 
with  the  same  equation  (a).  Now  there  is  a  serious  difficulty  in  the  use 
of  tiliat  equation.  Suppose,  for  example,  we  were  to  integrate  over  an  arc 
oiV:  we  should  haye  to  use  the  mean  yalue  of  K  between  its  yalues 
corresponding  to  the  velocities  at  the  beginning  and  end  of  the  arc.  But 
we  do  not  know  the  latter  of  these  velocities ;  it  is  the  very  thing 
we  have  to  find.  The  first  steps  in  our  work  must  therefore  be  to 
guess  at  it.  The  practised  calculator  can,  from  his  experience,  make  a 
very  good  estimate.  Having  made  his  estimate,  he  determines  E.  He 
uses  ihiB  value  of  K  in  equation  (a) ;  and  if  he  gets  the  velocity  he 
guessed  at,  he  concludes  that  he  guessed  rightly  and  that  he  has  got  the 
velocity  at  the  end  of  the  arc.  If  the  equation  (a)  does  not  agree  with 
him,  he  sEiakes  another  guess ;  and  so  on,  till  he  comes  right.  It  seems 
to  me,  however,  that  this  method  of  going  to  work,  leaving  out  of  account 
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the  ]oss  of  time,  is  open  to  objection  in  the  point  of  accuracy.  For,  first, 
there  is  no  method  of  determining  on  what  principle  the  mean  yalue  of 
K  is  to  be  found — what  manner  of  mean  it  is.  Again,  let  us  suppose 
for  an  instant  that  the  velocity  at  the  end  of  Uie  arc,  guessed  at,  and  the 
value  of  E  are  in  agreement ;  that  is  to  say,  let  the  equation 

hold  for  the  values  of  v^  and  E  used  by  the  calculator.  It  by  no  means 
follows  Ihal  he  has  hit  on  the  right  v^  a.nd  E.    For  if  he  is  dealing  with 

a  part  of  the  tables  in  which  -r—  happens  to  be  nearly  equal  to 
•     • 

_3Wg  sec'/3  (1000)' 
cP    P.-Pp     v*     • 

it  is  obvious  that  there  are  ever  so  many  pairs  of  values  of  v^  and  E 
which  will  stand  the  test  of  satisfying  the  above  equation.  Now  an  exa- 
minatiod  of  ]!dV.  Bashf orth's  tables  for  ogival-headed  shot  shows  that  the 
value  of  E  diminishes  as  v  increases  from  1200  feet  upwards,  so  that 

-^  is  negative  for  a  considerable  range  of  values  of  t;  which  are  common 

in  practice.    It  is  not  fit  all  unlikely,  therefore,  that  the  value  for 

jrrr 

-^  just  stated  may  often  be  very  nearly  true;   in  which  case  the 

process  of  guessing  becomes  extremely  dangerous. 

I  shall  in  the  next  method  give  a  plan  for  determining  the  velocity  at 
the  end  of  the  arc,  which  seems  to  me  simpler  and  more  satisfactory  than 
the  one  we  have  been  now  discussing.  Meanwhile,  in  connexion  with 
the  present  method,  the  following  considerations  are  worthy  of  notice. 

§  12.  Let  us  consider  the  fundamental  equation 

cfu      tP  E     v* 


d^      W  g  lOOOJ' 

If  J-  were  uniform,  it  would  be  the  fall  of  horizontal  velocity  in 

change  of  inclination  equal  to  the  unit  of  circular  measure.  Aa  tiiat 
angle  is  inconveniently  large  for  discussions  connected  with  trajectories 
of  shot,  let  us  take  1"^  for  unit-angle,  and  let  D  be  the  number  of  degrees 
in  the  angle  whose  circular  measure  is  ^.    We  then  have 

The  quantity  on  the  right-hand  side  is  the  same  for  all  shot  of  the  same 
kind ;  and  I  propose  to  find  its  values  for  intervals  of  the  values  of  v.  It 
will  be  convenient  to  represent  those  values  by  the  ordinates  of  a  curve 
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whose  abscissffi  are  the  corresponding  velocities.  Besides  the  immediate 
purpose  now  in  view,  the  same  curve  will  be  useful  in  exhibiting  the 
manner  of  change  of  the  retardation ;  since  if  y  be  the  ordinate  corre- 
sponding to  velocity  v,  the  corresponding  retardation  will  be 

d"  ISOgy 
W     w    v' 


The  primary  use  of  these  curves  is  that  they  enable  us  at  a  glance  to 
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make  a  rough  estimate  of  the  loss  of  velooiiy  over  an  arc  of  one  degree ; 
and  we  have  seen  that  such  an  estimate  must  first  be  made  if  we  are  to 
employ  either  of  the  foregoing  methods. 

It  is  possible  to  make  the  preliminary  guess  more  near  the  truUi  by 
considering  the  approidmate  character  of  the  curves.  For  example,  the 
curve  for  ogival-headed  shot  is  approximately  a  straight  line,  the  tangoit 
of  whose  inclination  from  1700  down  to  1250  is  *5 ;  and  from  1250  down 
to  1000,  '4;  below  1000  it  is  unsafe  to  assign  a  value.  We  eaft  eaaflj 
^ve  for  flat  trajectories  that  the  fall  of  velocity  in  one  degrte  10  eiiber 

between  the  values  above  assigned. 

Thukd  Mktkod. 
§  13.  Setuming  now  to  the  fundamental  equation 

where  B  is  the  retardation  due  to  the  resistance  <A  the  air,  since  S  is 
some  function  of  v  let  us  put  it  equal  tof{v).  Then,  witli  our  <AA  nota- 
tion still  in  use,  we  get  by  integration 


du 


Bee^jf{uaec<f>) 


:a— /3. 


Now  instead  of  taking  some  mean  value  of  the  quantity  K,  aa  was 
done  in  the  two  previous  methods,  let  us  make  the  suppontion  that  tiie 
quantity  ^  has  its  mean  value — a  supposition  in  this  case  by  no  meana 
extravagant,  since  for  the  greater  part  of  the  trajectory  sec^  will  vary 
very  slowly.    We  then  have,  if  D  is  the  number  of  degrees  in  a— /3> 

^    Jjttsec^^usec^) 
Now  put  Us  y  COS  ^.    The  equation  becomes 
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With  Mr.  Bashforth's  law  snbstitatedi  this  is 


l!^(iooo)'(" 
*  J, 


-  KV»~W 

Op 


Now  tiie  qnantitj 


i^iooorj. 


ean  be  caknlated  for  erery  10  feet,  bj  giying  K  its  neon  yaloe  oyer  the 
10  feet,  begiiming  with  1700  for  ogival-headed  shot  and  with  2150  for 
spherieaL  Supposing  this  were  done^  and  the  results  for  all  the  compo- 
nents of  10  feet  added  together,  the  number  opposite  any  Telocity  v  would, 
for  example,  in  the  ogiyal-head-shot  tables,  be  the  yalue  of 


If  we  denote  this  quantity  by  Y^  the  equation  (a')  may  be  written 

Vgteo^  — Ypaeo^™*^D«eCf, (a') 

which  may  be  r^arded  as  an  equation  for  the  determination  of  q. 

The  distance-ordinates  and  time  may  be  found  in  a  similar  manner. 
They  are  giyen  by 


^X^cos^l  -^^, (b') 

^r-^if'^I. „ 

W  I      _       KV ^^> 


If  we  denote  by  S.  and  T,  the  two  integrala 


the  equations  (b'),  (c'),  and  (d')  become 


1000]^cfV 
KV    ' 


;^X  =  C08^(Sgaeo^-Sp,ec^), (b') 
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;^  T  =  8m^(Sj,eo^  -Sp^^), (c') 

^  T=Tg,ao^  — Tp,eo^.  ........    (d') 

The  quantities  S,  and  T,  have  been  tabulated  by  Mr.  Bashf orth  for  a 
considerable  range  of  values  of  v,  the  upper  limit  being  either  1700 
or  2150,  according  as  the  shot  is  ogival-headed  or  sphericaL  The 
tables  for  the  ogival-headed  shot  have  recently  been  revised  and  carried 
to  one  place  further  in  decimals.  The  quantities  S,  and  T«  may 
therefore  be  fortunately  regarded  as  completely  determined;  and  ihe 
only  question  will  be  regarding  the  mean  angle  0.  Now  it  is  a  remarkable 
circumstance  that  the  value  obtained  f or  f  in  §  7,  if  ^  is  not  widely  different 
from  p,  is  very  nearly  the  same  for  all  values  of  n  which  are  not  feir  off  from 
3.  But  for  limited  portions  of  the  trajectory  the  retardation  may  be  con- 
sidered as  varying  according  to  some  simple  power  of  the  velocity,  though 
that  power  is  not  the  same  from  point  to  point,  but  still  not  far  from  3« 
We  may  therefore  take  the  value  of  0  found  in  §  7  as  applicable  to  the 
method  now  in  hand.  The  adoption  of  this  value  of  the  mean  angle» 
since  Y=sXtan0,  is  really  equivalent  to  supposing  the  shot  to  move 
parallel  to  the  phord ;  and  the  above  proof  shows  what  the  limits  of  inte- 
gration must  be  in  order  that  the  supposition  may  be  made  to  approximate 
to  the  actual  case.  The  most  sensitive  quantity  in  this  method,  especially 
near  the  vertex  of  the  trajectory,  is  if ;  and  in  finding  it  over  an  arc  cor^ 
responding  to  a  change  of  inclination  as  large  as  5°,  it  is  necessary  to  use 
the  correct  value  obtained  in  §  7.  As  regards  the  other  three  quantities 
given  by  the  integrals  (a'),  (b'),  and  (d'),  it  will  not  matter  much  if  we 

take  ^^^,  at  least  for  flat  trajectories.    If,  however,  the  trajectory  is  not 

flat,  and  extreme  accuracy  is  needful,  it  will  be  necessary  to  determine  by 
(a')  the  quantity  q  twice  over — ^first  an  approximate  value  of  it,  in  order 
to  get  the  mean  angle  ^,  next  its  value  with  the  mean  angle  used  in  the 
equation. 

The  following  Table  gives  the  value  of  V,for  ogival-headed  shot  as  low 
as  900  feet  per  second. "  Below  that  value  of  the  velocity  Mr.  Bashfortii 
does  not  give  tables  for  the  resistance,  and  the  magnitudes  of  the  resist- 
ance for  the  lower  velocities  of  ogival-headed  shot  have  yet  to  be  found. 
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J.      KV«" 


Table  of  Values  of  V,=  i2^(1000)» 
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Table  (continued). 


0. 

1. 

2. 

3. 

4. 

6. 

a 

7. 

8. 

9. 

146... 

•7910 

•7870 

•7830 

•7790 

•77S0 

•7710 

•7669 

•7629 

•7689 

•7549 

147... 

•7609 

•7470 

•7430 

•7391 

•7352 

•7312 

•7273 

•7234 

•7194 

•7155 

148... 

•7115 

-7077 

•7038 

•6999 

•6961 

•6922 

•6884 

•6846 

•6806 

•6768 

149... 

•6729 

•6691 

•6664 

•6616 

•6578 

•6640 

•6602 

•6466 

•6427 

•6389 

150... 

•6361 

•6314 

•6277 

•6239 

•6202 

'6165 

•6128 

•6091 

•6053 

•6016 

161... 

•6979 

•6943 

•6906 

•6870 

•6833 

•6797 

•6760 

•6724 

•6687 

•5651 

162... 

•6614 

•6678 

•6642 

•6606 

•6470 

•6435 

•6399 

•6363 

•6327 

•5291 

153... 

•6265 

•6220 

•6186 

•6149 

•6114 

•6079 

•6044 

-'5009 

•4973 

•4938 

154... 

•4903 

•4868 

•4834 

•4799 

•4765 

•4730 

•4695 

•4661 

•4626 

•4592 

166... 

•4667 

•4623 

•4489 

•4465 

•4421 

•4387 

•4352 

•4318 

•4284 

•4260 

166... 

•4216 

•4183 

•4149 

•4116 

•4082 

•4049 

•4016 

•3982 

•3948 

•3915 

167... 

•3881 

•3848 

•4816 

•3782 

•3749 

•3716 

•3684 

•3661 

•3618 

•3585 

168... 

•3552 

•3520 

•3487 

•3455 

•3422 

•3390 

•3357 

•3325 

•8292 

•3260 

150... 

•3227 

•3195 

•3163 

•3132 

•3100 

•3068 

•3036 

•3004 

•2973 

•2941 

160... 

•2909 

•2877 

•2846 

•2814 

•2783 

•2751 

•2719 

•2688 

•2666 

•2625 

161... 

•2693 

•2562 

•2531 

•2500 

•2469 

•2439 

•2408 

•2377 

•2346 

•2315 

162... 

•2284 

•2254 

•2223 

•2193 

•2162 

•2132 

•2102 

•2071 

•2041 

•2010 

163... 

•1980 

•1960 

•1920 

•1890 

•1860 

•1831 

•1801 

•1771 

•1741 

•1711 

164... 

•1681 

•1652 

•1622 

•1593 

•1563 

•1634 

•1605 

•1476 

•1446 

•1416 

166... 

•1387 

•1358 

•1829 

•1300 

•1271 

•1243 

•1214 

•1185 

•1156 

•1127 

166... 

•1098 

•1070 

•1042 

•1013 

•0985 

•0957 

•0929 

•0900 

•0872 

•0844 

167... 

•0816 

•0788 

•0760 

•0732 

•0705 

•0677 

•0649 

•0621 

•0594 

•0566 

168... 

•0638 

•0611 

•0484 

•0456 

•0429 

•0402 

•0375 

•0347 

•0320 

•0293 

169... 

•0266 

•0239 

•0213 

•0186 

•0169 

•0133 

•0106 

•0080 

•0063 

•0027 

An  example  of  the  use  of  these  Tables  was  given  in  the  abstract  whidi 
was  printed  in  the  '  Proceedings '  of  the  Society,  vol.  xxy.  p.  18. 

Postscript. 

Professor  J.  Couch  Adams,  to  whom  this  paper  was  shown  before 
publication,  has  obtained  a  solution  of  the  equations  employed  in  the 
second  method,  which  is  of  a  more  complete  and  satisfactory  character 
than  ihe  one  given  above.  The  results  he  has  arrived  at  are  contained 
in  the  following  note,  which  he  has  kindly  allowed  me  to  subjoin : — 

«  Employing  the  notation  of  the  paper,  and  supposing  the  resistance  to 
vary  as  the  nth  power  of  the  velocity,  the  horisontal  velocity  q  is  given 
by  the  equation 

l^-i.-^(aec?^pa-/5){l+^«+l)[(n+2)(eec4-^y-(«+l)](.-^ 


where  a -/J  is  expressed  in  the  circular  measure. 
**  The  inclination  ^  of  the  chord  AB  is  given  by 


*=^4-^+*?^J(''-^>+<^T> 


«-±^V„- 


0)\ 


where  a— />  is  supposed  to  be  expressed  as  before  in  the  drcular  measure. 
If  a— /3  be  expressed  in  minutes,  the  last  term  must  be  multiplied  by 
sinT, 
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**  The  value  of  the  mean  angle  f^  to  be  employed  in  finding  the  time- 
integral  is 

where  the  last  term  is  the  same  as  that  in  the  above  value  of  0,  but  the 
second  term  is  only  one  half  of  its  amount  in  the  former  case. 

<<  It  will  be  seen  that  the  above  expressions  for  ^  and  f '  are  independent 
of  the  value  of  n« 

"Also,  if 

Q-l-A<^-l)[(n-2)(sec^^y-(n-3)](a-/J)», 

where  a— /3  is  expressed  as  before  in  the  circular  measure,  the  values  of 
the  coordinates  X,  Y,  and  of  the  time  T  are  given  bj 

Kn^^^^^^  8in^(^--i,,)=.X(tan^), 

^*  It  may  be  remarked  that  if  a  and  /3,  as  well  as  p  and  ^,  be  interchanged, 
tiie  values  of  ^  ^',  and  Q  will  remain  unaltered,  and  the  values  of  X,  Y, 
and  T  will  merely  change  their  signs,  as  it  is  evident  should  be  the  case. 

*^  The  abdve  values  of  ^,  <p\  and  Q  are  true  to  the  third  order  of  small 
quantities  inclusive,  and  the  values  of  X,  Y,  and  T  are  true  to  the  fourth 

order,  considering  ^^  and  a— /3  to  be  small  quantities  of  the  first 

^wder.** 


Y= 
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OBITUARY  NOTICES  OF  FELLOWS  DECEASED. 

Dr.  Sib305y  bom  ia  1815  at  Cross  Caoonby,  near  Marjport,  in 
Cumberland,  was  educated  in  Ediabiugh,  where  he  ako  cominenoed  the 
stodj  of  medidne.    He  was  a  pupil  of  Lusars,  and  in  his  pupilage,  in 
1831>2,  volunteered  to  serve  in  the  Cholera  Hospital,  and  in  that  first 
and  terrible  epidemic  risked  his  life.    Then  he  entered  at  G-uy's ;  and 
many  who  remember  him  there  tell  of  the  rare  energy  with  which  he 
gave  himself  to  study  both  in  the  wards  and,  especially,  in  the  patho- 
logical theatre.    Among  those  whose  admiration  he  attracted  was  the 
late  Dr.  Hodgkin,  who,  from  that  time,  never  ceased  to  encourage  him 
in  all  his  labour  and  to  aid  him  in  every  way  that  could  lead  to  success. 
In  1835  he  was  appointed  resident  surgeon  to  the  Nottingham  Cteneral 
Hospital,  and  during  that  appointment,  which  he  held  till  1848,  gained  a 
considerable  knowledge  not  only  of  medicine,  but  of  surgery,  of  which,  in 
later  life,  he  often  made  good  use  in  consultations.    There,  also,  he  made 
his  chief  investigations  into  the  mechanical  physiology  of  respiration  and 
the  position  of  the  internal  organs  in  health  and  disease,  which  were 
throughout  his  life  a  principal  subject  of  his  studies ;  and  through  these 
his  name  will  always  be  honourably  remembered  in  the  history  of 
medicine.  .They  brought  him  early  into  high  repute  when  first  published 
in  1844  in  the  '  Provincial  Medical  and  Surgical  Transactions,'  and  sub- 
sequently in  a  separate  volume.    His  great  work  on  Medical  Anatomy, 
towards  which  most  of  his  researches  led,  and  in  which  all  his  chief 
results  may  be  studied,  was  published  in  1869.    It  is  a  book  to  be  com- 
mended for  its  thoroughness.    Its  preparation  involved  severe  labour, 
most  of  which  was  carried  on  in  the  dead-house  of  the  Marylebone  In- 
firmary. 

In  1848,  at  the  end  of  his  tenure  of  office  at  Nottingham,  Mr.  Sibson 
graduated  at  the  University  of  London,  and  passed  in  the  same  year  the 
examinations  for  M.B.  and  M.D.,  gaining  honours  in  both — ^a  note- 
worthy achievement,  considering  the  active  life  of  practical  work  in  which 
he  had  long  been  engaged.  He  remained  always  devoted  to  the  Univer- 
sity, fulfilled  for  some  years  the  duties  of  examiner  in  medicine,  and  in 
1865  was  made  a  member  of  the  Senate,  on  the  nomination  of  Convoea* 
tion.  Few  were  so  constant  as  he  in  attention  to  all  the  business  of  the 
university  that  had  relation  to  the  medical  or  other  natural  sciences. 
Alike  in  the  senate,  in  committees,  and  in  convocation,  he  was  zealous 
for  the  promotion  of  all  good  designs. 

The  like  may  be  said  of  his  work  in  the  College  of  Physicians,  of  which 
he  became  a  member  in  1849  and  a  Fellow  in  1853.  In  this  year  he 
delivered  the  Gulstoninu  Lectures,  in  1870  thQ  Croonian,  in  1873  the 
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Lumleian;  but  his  chief  work  was  in  the  office  of  secretary  to  the  Com- 
mittees on  the  Nomenclature  of  Diseases.  It  would  be  impossible  to 
overestimate  the  value  of  his  services  in  that  capacity.  He  was  the 
principal  originator  of  the  undertiAing,  and  never  ceased  to  labour  in  it 
during  the  six  or  more  years  in  which  it  was  in  progress.  Of  all  the 
great  honour  due  to  a  work  of  so  large  importance,  even  of  much  more 
than  national  importance,  the  greater  part  was  certainly  gained  by  Dr. 
Sibson. 

Dr.  Sibson  was  elected  one  of  the  physicians  of  St.  Mary*s  Hospital  in 
1851,  and  held  the  post  during  twenty  years  :  he  was  also  for  some  time 
one  of  the  lecturers  on  medicine  in  the  school.  His  teaching  was  earnest, 
laborious,  and  minute.  Emphatic  as  he  was  in  speech,  and  never  for  a 
moment  doubting  the  importance  of  even  the  smallest  tact,  he  made  all 
listen  to  him,  and  he  made  many  learn.  Few,  indeed,  could  follow  him 
in  all  the  minuteness  of  detail  with  which  he  spoke  on  his  chief  subjects, 
such  as  the  diagnosis  of  diseases  in  the  chest ;  but  he  made  his  pupils 
feel  that  they  had  work  to  do  for  which  nothing  less  than  the  devotion  of 
a  life  could  suffice,  and  he  showed  them  how  to  do  it. 

Dr.  Sibson  was  not  less  vigorous  in  the  British  Medical  Associa- 
tion. He  first  became  a  member  in  1843 ;  in  1850  he  delivered  the 
address  in  physiology,  in  1870  that  in  medicine ;  for  many  years  he 
was  a  member  of  the  General  Council,  for  three  years  its  president, 
and  after  this  a  permanent  vice-president.  It  was  at  his  sugges- 
tion that  the  plan  for  grants  for  scientific  researches  was  adopted,  and 
he  was  chairman  of  the  Grant-Committee.  Briefly,  he  took  part  in 
every  good  work  of  the  Association. 

And  he  took  a  willing  part  in  larger  and  more  public  works.  He  was  a 
very  active  member  of  the  Asylum  District  Board  and  of  the  Govern- 
ment Commission  in  the  Greenwich  Hospital  Enquiry  in  1867-8. 

He  was  elected  a  Fellow  of  the  Boyal  Society  in  1849  after  the  pub- 
lication of  two  papers  in  the  '  Transactions,'  became  a  member  of  the 
Council  in  1872,  and  was  for  some  years  Treasurer  of  the  Boyal  Society 
Oub.  Among  his  honours  he  had  the  honorary  degree  of  MJ).  of 
Dublin  and  of  LL.D.  of  Durham*. 

It  is  not  possible  to  give  a  summary  of  Dr.  Sibson's  numerous  published 
essays,  comprising,  in  addition  to  the  subject  above  mentioned,  researches 
on  narcotic  poisons,  ether,  and  chloroform.  It  was  while  investigating 
the  action  of  aniesthetics  that,  by  making  use  of  soft  lead  as  the  most 
pliable  substance  for  adaptation  to  the  mouth,  he  succeeded  in  con- 
structing a  very  ingenious  mask  to  be  worn  during  inhalation ;  and  to 
him  the  profession  is  indebted  for  the  double  valve  for  expiration  and 
inspiration. 

Nearly  every  one  of  the  essays  relating  to  the  chest  was  in  itself  a 

*  Facts  derived  from  an  excellent  memoir  of  Dr.  Sibeon  in  the  '  British  Medical 
Journal,'  September  30, 1876* 
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sommary  of  minute  and  laborious  stadies.  The  characteristic  of  all  this 
part  of  his  work  was  in  his  devotion  and  immense  labour  to  determine 
the  questions  which  he  set  himself.  Perhaps  he  overestimated  the 
relative  importance  of  some  of  them ;  but  even  if  he  did  he  should  hardly 
be  charged  with  fault ;  rather  his  example  may  be  studied  as  a  protest 
against  the  greater  and  much  more  common  fault  of  thinking  that  facts 
are  easy  to  be  established.  He  will  probably  always  enjoy  the  rare  honour 
of  having  settled  some  things  so  certainly  that  they  will  never  need  to  be 
investigated  again. 

It  may  be  doubted  whether  we  had  in  our  Society  a  man  of  stronger  will 
for  work  than  Sibson.  He  never  flinched  from  any  duty;  he  never 
tried  to  make  it  easy :  when  he  saw  a  duiy  to  be  done  he  looked  to  see 
how  large  it  could  be  made,  how  manifold  in  detail ;  and  he  did  it  all. 
No  man  followed  better  the  advice  of  the  king  Preacher,  "  Whatsoever 
thy  hand  flndeth  to  do,  do  it  with  thy  might."  And  surely  no  one  ever 
worked  harder  with  as  light  and  genial  a  heart.  Who  of  us  can  forget 
the  gentleness  and  enthusiasm  of  his  social  life,  his  fervent  greetings, 
his  words  of  affection,  the  sincerity  of  which  was  proved  by  the  whole 
tenour  of  his  pure  unselfish  life  ?  He  was  a  many-sided  man,  and  on  all 
sides  good ;  a  true  lover  of  nature  and  of  art,  his  house  was  adorned 
with  a  fine  collection  of  engravings,  and  especially  Wedgwood  ware,  of 
which  he  was  a  critical  judge  :  his  collection  of  Wedgwood  medallions  of 
scientific  men  (unfortunately  dispersed  by  sale  after  his  death)  was  probably 
the  most  complete  ever  got  together,  and  was  especially  rich  in  repre- 
sentations of  Fellows  of  the  Boyal  Society. 

Dr.  Sibson  married,  in  July  1858,  Sarah  Mary,  younger  daughter  of 
Peter  Aim^  Ouvry,  Esq.,  of  East  Acton,  a  lady  of  highly  cultivated  mind 
and  of  rare  artistic  accomplishments.  His  death  was,  as  he  expected, 
sudden.  He  died  at  Geneva  on  the  7th  of  September,  on  his  way  home 
from  a  vacation  tour ;  and  when  we  might  have  thought  of  him  as  coming 
to  us  again,  with  his  enthusiastic  narratives  of  adventure  or  of  some 
study  in  rare  art,  abrupt  news  came  that  his  career  was  finished*. 

*  Dr.  Sibeon's  chief  papers,  bendee  those  already  referred  to,  may  be  found  hi  the 
'  PhUoMphioal  TranutctioDs,'  1846, 1848,  toIs.  1 36^  138 ;  the  *  London  Medioal  Gazette/ 
2nd  ter.,  toIs.  ir.,  yi.,  fii.,  Tiii.,  x. ;  *  London  Journal  of  Medicine,'  toI.  i. ;  'British  Medical 
Journal,'  1873;  *  Pathological  Transactione,*  toIb.  ii.,  iii.,  x. ;  *  Trane.  of  British  Medioal 
Association,'  voL  xrii.,  1850;  Beynolds's  'System  of  Medicine,*  art.  "Pericarditis, 
Endocarditis"  (these  were  completed  after  the  labour,  it  is  said,  of  three  years,  just 
before  his  death).  The  'British  Medical  Journal'  of  the  current  year  contains  the 
Harreian  Lectures  on  Bright's  disease,  which  Dr.  Sibson  had  prepared  for  deUyery  not 
long  before  his  death. 
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''The  Talue  of  the  mean  angle  f'^to  be  employed  in  finding  the  time- 
integral  is 

where  the  last  term  is  the  same  as  that  in  the  above  >*alue  of  ^,  but  the 
second  term  is  only  one  half  of  its  amount  in  the  f  otmer  case. 

"  It  will  be  seen  that  the  above  expressions  for  ^  and  ^  are  independent 
of  the  value  of  w. 

"Also,  if 

Q=l-^n-l)[(n-2)(sec**+^)  ~(«-3)](a-/3r,    * 

\ihere  a—fiia  expressed  as  before  in  the  circular  measure,  the  values  of 
the  coordinates  X,  Y,  and  of  the  time  T  are  given  by 

"  It  may  be  remarked  that  if  a  and  /3,  as  well  as  p  and  q,  be  interchanged, 
the  values  of  ^,  ^',  and  Q  will  remain  unaltered,  and  the  values  of  X,  Y, 
and  T  will  merely  change  their  signs,  as  it  is  evident  should  be  the  case. 

"  The  above  values  of  ^,  9',  and  Q  are  true  to  the  third  order  of  small 
quantities  inclusive,  and  the  values  of  X,  Y,  and  T  are  true  to  the  fourth 

order,  considering  ^^  and  a— /3  to  be  small  quantities  of  the  first 

order." 
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Election  of  Fellows. 


[Jane  14^ 


June  7,  1877. 

The  Annual  Meeting  for  the  election  of  Fellows  was  held  this  day. 

Sir  JOSEPH  HOOKER,  C.B.,  K.C.S.I.,  President,  in  the  Chair. 

The  Statutes  relating  to  the  election  of  Fellows  having  been  read. 
Dr.  E.  H.  Greenhow  and  Mr.  T.  Sopwith  were,  with  the  consent  of  the 
Society,  nominated  Scrutators  to  assist  the  Secretaries  in  examining  the 
lists. 

The  votes  of  the  Fellows  present  having  been  collected,  the  following 
candidates  were  declared  duly  elected  into  the  Society : — 


Prof.  James  Dewar,  M.A. 

Sir  Joseph  Fayrer,  M.D.,  K.C.S.I. 

Eev.    Norman    Macleod    Ferrers, 

M.A. 
Thomas  Bichard  Fraser,  M.D. 
Brian  Haughton  Hodgson,  F.L.S. 
John  W.  Judd,  F.G.S. 
William    Carmichael    M'Intosh, 

M.D. 


Robert  M*Lachlan,  F.L.S. 
Prof.  John  William  MaUet,  Ph.D. 
Henry  B.  Medlicott,  M.A. 
Henry  Nottidge  Moseley,  M.A. 
Prof.  Osborne  Reynolds,  M.A. 
William  Roberts,  M.D. 
Prof.  James  Thomson,  LL J). 
Prof.  William  Turner,  M.B. 


Thanks  were  given  to  the  Scrutators. 


June  14, 1877. 

Sir  JOSEPH  HOOKER,  C.B.,  K.C.S.I.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

His  Majesty  Pedro  11.,  Emperor  of  Brazil,  Sir  Henry  Barkley,  Prof. 
James  Dewar,  Sir  Joseph  Fayrer,  Rev.  Norman  Madeod  Ferrers,  Prof. 
John  Wesley  Judd,  Mr.  Robert  M^Lachlan,  Prof.  Osborne  Reynolds,  Dr. 
William  Roberts,  Prof.  James  Thomson,  and  Prof.  William  Turner  were 
admitted  into  the  Society. 

The  following  Papers  were  read : — 
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I.  ''On  the  Minute  Structure  and  Relationships  of  the  Lym- 
phatics of  the  Mammalian  Skin^  and  on  the  Ultimate  Distri- 
bution of  Nerves  to  the  Epidermis  and  Subepidermic  Lym- 
phatics/' By  George  Hoggan,  M.B.,  and  Frances  Elizabeth 
HoGGAN,  M.D.  Communicated  by  Dr.  William  Farr^ 
P.R.S.  Received  May  11, 1877. 
(Abfitract.) 

The  authors  state  that,  by  means  of  certain  modifications  in  known 
methods  of  histological  research,  a  full  description  of  which  they  offer, 
they  have  been  enabled  to  show  the  minute  structure  and  relationships  of 
the  lymphatics  of  the  skin  in  mammals. 

For  the  purpose  of  anatomical  description,  they  divide  these  lymphatics 
into  three  categories,  named,  from  their  position,  the  subhypodermic, 
the  dermic,  and  the  subepidermic.  Only  the  first  and  third  can  be  de- 
scribed as  layers ;  the  second  consists  of  horizontal  and  vertical  sets  of 
vessels,  extendiDg  through  the  whole  thickness  of  the  dermis,  and  con- 
necting the  other  two  distinct  layers  together. 

All  the  lymphatics  of  the  hypodermis,  and  most  of  those  of  the  dermis, 
are  valved  efferent  vessels,  without  any  collecting  channels  that  would 
entitle  them  to  claim  any  absorbing  function  in  these  portions  of  the 
skin,  through  which  they  merely  pass. 

The  subepidermic  lymphatics  are  narrow  parallel  collecting  channels, 
destitute  of  valves,  lying,  as  their  name  implies,  immediately  under  the 
epidermic  cells  in  young  animals,  although  separated  from  them,  as  adult 
life  is  reached,  by  bundles  of  gelatinous  tissue.  These  are  the  only 
radicles  of  the  lymphatics  of  the  skin. 

Upon  the  subepidermic  lymphatics  they  find  a  rich  plexus,  formed  by 
multipolar  nerve-cells  and  non-meduUated  nerve-fibres,  the  distribution  of 
which  to  the  epidermis  has  been  made  evident  by  the  same  process.  As 
no  acknowledged  contractile  elements  enter  into  the  walls  of  these  lym- 
phatics, the  function  of  the  nerves  found  upon  them  cannot  be  affirmed 
by  the  authors. 

Neither  sweat-glands,  sebaceous  glands,  hair-muscles,  fat-cells,  nor  nerve 
bundles  possess  any  lymphatics,  and  the  papillsB  iu  the  human  skin  are 
equally  destitute  of  them.  Functionally,  the  Ijrmphatics  of  the  skin  are 
to  be  considered  as  forming  two  classes,  the  valved  efferent  vessels  with 
independent  walls,  formed  only  of  crenated  endothelium  cells,  and  the 
valveless  collecting  cha^nels  of  the  subepidermis,  lined  by  those  crenated 
cells. 

Upon  the  facts  accumulated  in  this  and  their  former  paper  the  authors 
are  led  entirely  to  reject  the  theory  of  vasa  serosa  or  radicles  of  the 
lymphatics,  formed  by  chains  of  connective-tissue  cells  or  the  cavities  in 
which  they  lie.  In  the  human  skin  especially  these  cells  of  the  connec- 
tive tissue  are  numerous  and  in  intimate  relationship  with  the  superficial 

x2 
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blood-vessels,  but  prominently  absent  from  the  collecting  lympbatic 
channels  lying  alongside  of  these  vessels,  thus  supporting  the  hypothesis 
they  formerly  emitted,  that  these  cells  were  merely  links  in  a  nutritive 
chain,  not  radicles  of  the  lymphatics,  even  when,  as  in  teudon,  the  cornea, 
«&c.,  they  are  connected  with  the  lymphatics.  The  paper  is  illustrated  by 
about  a  dozen  and  a  half  of  camera^lucida  drawings  of  microscopical 
specimens  in  their  possession. 

II.  "  Refractive  Indices  of  Glass.''  By  J.  Hopkinson,  D.Sc, 
M.A.  Communicated  by  Professor  G.  G.  Stokes,  Sec.  R.S. 
Received  May  25, 1877. 

Most  of  the  following  determinations  were  made  two  years  ago. 
They  were  not  published  at  once,  because  the  results  showed  more 
variation  than  was  expected.  They  are  now  made  known  for  two  reasons. 
Rrst,  most  of  the  glasses  examined  are  articles  of  commerce,  and  can  be 
readily  obtained  by  any  person  experimenting  upon  the  physical  properties 
of  glass ;  these  glasses  only  vary  within  narrow  limits,  and  their  variations 
may  be  approximately  allowed  for  by  a  knowledge  of  their  density. 
Second,  most  of  the  prisms  having  three  angles  from  each  of  which 
determinations  were  made,  the  probable  error  of  the  mean  is  very  smaU, 
and  any  error  of  the  nature  of  a  blunder  is  certainly  detected. 

The  form  in  which  to  present  these  results  was  a  matter  of  much 
consideration.  A  curve  giving  the  refractive  indices  directly  is  unsuit- 
able,  for  the  errors  of  observation  are  less  than  the  errors  of  curve-drawing 
would  be.  The  theory  of  dispersion  is  not  in  a  position  to  furnish  a 
satisfactory  rational  formula.  The  most  frequently  used  empirical  for- 
mula is/i=a+6-^+c-j  +  ...,  where  /x  is  the  wave-length  of  the  ray  to 

A  A 

which  /I  refers.  But  to  bring  this  within  errors  of  observation  it  is 
necessary  to  include  -^,  which  appears  to  be  ahnost  as  important  a  term 

A 

as  --^.     There  are  two  points  of  importance  in  the  selection  of  an  empi- 

A 

rical  form :  first,  it  must  accurately  represent  the  facts  with  the  use  of 
the  fewest  arbitrary  parameters ;  second,  it  must  be  practically  convenient 
for  the  purposes  for  which  the  results  are  useful. 
In  the  present  case  the  most  convenient  form  is 
,i-l  =  a{l-|-6.r(l4-caO}, 
where  a?  is  a  numerical  name  for  the  definite  ray  of  which  /i  is  the  refrac- 
tive index.    In  the  present  paper  line  F,  being  intermediate  between  the 
strongest  luminous  and  chemical  rays,  is  taken  as  zero.     Four  glasses, 
Hard  Crown,  Soft  Crown,  Light  Flint,  and  Dense  Flint,  are  selected  on 
account  of  the  good  accord  of  the  results,  and  the  mean  of  their  refractive 
indices  /i  is  ascertained  for  each  ray ;  this  is  taken  as  a  standard  scale  in 
which  .r=^  — ^^. 
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If  f^  be  the  focal  distance  of  a  compound  lens  for  line  F,  /,',  /,",  &c, 
of  the  component  lenses,  then 

/  being  the  focal  length  for  the  ray  denoted  by  x. 
If  there  be  two  lenses  in  the  combination 
1_1,1  J^J"    ,.    ,"v^ 

since  the  effect  of  changing  the  ray  to  be  denoted  by  fero  does  not  sen- 
sibly change  the  value  of  the  coefficient  — — j  (c'~c"),  this  may  be  taken 

6  — 6 

as  a  measure  of  the  irrationality  of  the  combination. 

Let  there  be  three  glasses  (1),  (2),  (3);  no  combination  free  from 
secondary  dispersion  and  of  finite  focal  length  can  be  made  with  these 
glasses  if 

1,       1,         1  =0. 

b\      h'\       b'" 
h'c',    h"e'\    h'"c"' 

Again,  if  the  secondary  chromatic  aberration  of  (2)  (1)  is  the  same  as 
that  of  (3)  (1),  then  that  of  (2)  (3)  has  also  the  same  value,  and  the 
three  glasses  satisfy  the  above  condition. 

Prof.  Stokes  has  expressed  the  character  of  glasses  in  the  follo\iring 
manner : — ^Let  a  prism  of  small  angle  i  be  perfectly  achromatized  by  two 
prisms  of  standard  glasses  with  angles  i',  i"  taken  algebraically  as  regards 
sign,  then 

a»-f-aV+a"i"=s  deviation  of  any  ray, 
abi-^.a'b'i'+a"b"i"z=0, 
abci+a'b'a+a"b"c"i"=0 ; 
hence 

i'_c"^ca"b" 
i"''c-e'   a'b'' 
If  c=c"  this  ratio  is  zero,  but  if  esse'  it  is  infinite;  let  ^=tan^, 

then  the  angle  ^  may  be  taken  with  a  and  6  as  a  complete  specification 
of  the  optical  properties  of  the  glass.  Prof.  Stokes's  method  has  a  great 
advantage  in  the  close  correspondence  between  the  values  of  /, »',  i"  and 
the  powers  of  the  component  lenses  of  a  perfectly  achromatic  object-glass,- 
and  also  in  the  rapidity  with  which  a  determination  can  be  made.  The 
method  adopted  in  this  paper  is  convenient  in  the  fact  that  a  single 
standard  glass  is  alone  required. 

The  determinations  were  made  with  a  spectrometer  supplied  to  Messrs. 
Chance  Bros.  &  Co.  by  Mr.  Howard  Grubb.  The  telescope  and  collimator 
are  2  inches  aperture ;  the  circle  is  15  inches  diameter,  is  gradiuited  to  10', 
and  reads  by  two  verniers  to  10". 

The  lines  of  the  spectrum  observed  were  generally  A,  13,  C,  1),  E,  6,  F, 
(Ct),  G,  a,  it,.     D  is  the  more  refrangible  of  the  pair  of  sodium  liues,  b 
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is  the  most  refrangible  of  the  group  of  magnesium  lines,  (G)  is  the 
hydrogen  line  near  G. 

The  method  of  smoothing  the  results  by  the  aid  of  each  other  has  |)een, 
first,  to  calculate  a,  6,  and  e  from  the  mean  values  of  /i  for  the  lines 
B,  F,  Hj ;  second,  to  calculate  values  of  /i  from  the  formula  obtained ;  third, 
to  plot  on  paper  the  difEerences  between  /i  observed  and  /i  calculated,  and 
to  draw  a  free-hand  curve  among  the  points,  and  then  inversely  to  take 
fjL  for  each  line  from  the  curve. 

It  appeared  desirable  to  express  the  standard  values  of  /i,  which  are 
the  means  of  those  for  Hard  Crown,  Soft  Crown,  Light  Flint,  and  Dense 

Flint,  in  terms  of  -j.    In  the  following  Table  column 

A 

I.  gives  X,  the  wave-length  in  10-*  centims. ; 
n.  thevaluesof— ; 

A 

lU.  the  standard  values  of  /i ; 
lY.  the  values  of  fx  calculated  from 

^=a+6--+c—,  where 

a«l-639718, 

6=0-0056349, 

c=0-0001186; 
V. .  the  differences  of  III.  and  IV. ; . 
VI.  the  values  of  ji  from  the  extended  formula 

a=  1-538414, 
6=0-0067669, 
c= -0-0001734, 
(?= 0-000023; 
VII.  The  differences  of  III.  and  VI. 


I. 
X. 

II. 

1 

3?' 

in. 

IV. 

V. 

VI. 

VIL 

B. 

•68668 

212076 

1552201 

1-562201 

ooooooo 

1-552203 

-  2 

0. 

•65618 

232249 

1553491 

1553444 

4-0-000047 

1-553481 

+  10 

D. 

•68890 

2-88348 

1557030 

1-556951 

+0-000079 

1-557033 

-  3 

E. 

•52690 

3-60200 

1-561612 

1-561553 

-h0^000059 

1  561613 

-  1 

b. 

•51667 

3-74605 

1^562530 

1-562490 

+0000040 

166^38 

-  8 

F. 

•48606 

423272 

1-565692 

1-566692 

0-000000 

1-666693 

-  1 

G. 

•43072 

539026 

1-573459 

1573536 

-0000077 

1-573457 

+  2 

A. 

•41012 

5-94536 

1-577356 

1-577409 

-0000053 

1-677349 

+  7 

H,. 

•39680 

6-35121 

1-580287 

1-580287 

0-000000 

1-580289 

-  2 
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It  is  interesting  to  remark  that  the  corre  representing  /i  in  terms  of 

r^  has  a  point  of  inflexion  between  C  and  D.    An  examination  of  the 

deviations  &om  calculation  for  several  glasses  shows  that  probably  all 
glasses  exhibit  a  similar  point  of  inflexion,  the  flints  lower  in  the 
Bpectrom  or  in  the  ultra  red,  and  the  crowns  nearer  to  the  middle  of 
the  visible  spectrum.  This  fact  may  be  of  importance  in  the  theory  of 
dispersion  when  a  detailed  theory  becomes  possible ;  at  least  it  is  im- 
portant as  showing  how  unsa^  it  would  be  to  calculate  /i  for  very  long 
waves  or  ultra- violet  waves  from  any  formula  of  three  terms. 

The  following  Tables  of  results  need  little  or  no  further  explanation ; 
the  first  line  gives  the  refractive  indices  finally  obtained  and  regarded  as 
most  probable,  the  second  line  gives  the  values  of  /i  from  the  formula  of 
three  terms 

fA^l^a{l+hx(l+ex)l 

and  the  last  giyes  the  mean  of  the  actual  observations. 


Hard  Crown, — ^Two  specimens  of  this  glass  were  examined. 

a.  A  prism  from  the  three  angles  of  which  determinations  were  obtained, 

density  2-48575. 

a=0-523145.    6=1-3077.    c=:-2-33. 


A 

B. 

C. 

D. 

E. 

b. 

Hoet  probable  value  of  fi 

1-513626 
1-513624 

1-514668 
1-614660 

1-617114  |l-520331 
1-517099  1-520327 

1-62096X 
1-620966 

Mean  of  observed  Talues 

1-511755 

1-613624 

1-614671 

1-517116  1-520324 

1-520962 

1 

F. 

(G.) 

G. 

h. 

H,. 

Most  probable  Talue  of  fi 

u.  fpATn  fAmnnliL .t'TTT, 

1-523139 
1523145 

1-527994 
1-528003 

1-528363 
1*528362 

1-630902 
1-530906 

1-532792 
1-632789 

Mean  of  obeerved  ralues  1-523145 

1-527996 

1-628348 

1-630904 

1-632789 

Digitized  by  VjOOQ  IC 


294 


Dr.  J.  Hopkineon  ofi  the 


[June  14, 


p.  A  prism  with  two  angles  of  about  46®,  density =2*48664. 

The  first  line  gives  the  mean  observed  indices,  and  the  second  the  differ- 
ences from  the  most  probable  values  of  a. 


B. 


Mean  of  obeenred  ralues  1-572296  il-514156 

I 
(0-000541)  0000681 


1-515105  1-517623  !l-520860  'l  521474 

I 

O-0OQ537  K)-000609  'o0005^  0000507 : 


(O.) 


Mean  of  obserred  Talues  1*523657  1*528533 
«)-0005 


•000518  |OO00539 


A. 


H,. 


1-528856  1 531439 
"0*000603  .!o000537 


1-533318' 
0*000526 


Soft  Grown. — The  prism  has  three  angles  from  which  the  mean  is  taken, 

density=2-55035. 

a=0-5209904.     6=1-4034.    c=-l-o8. 


t    ^• 

B. 

C.          D. 

B. 

b. 

Most  probable  ralue  of  ft 
fi  from  formula 

1*510916 
1-510918 

1*511904  1-514591 
1-511900  1*514574 

1-518010 
1*517991 

1*518686 
1518670 

Mean  of  obeerred  yalues  1 -508956 

1 

1*510918 

1-511910  1*514680 

1*518017 

1*518678 

1 

F. 

(G.) 

G. 

A.            H,. 

Most  probable  ralue  of  fi 
/ti  from  formula 

1-520996 
1-520994 

1*526207  jl-526695 

1*529359  1-531416 

Mean  of  observed  values 

1-520994  |l*526208  1526592  1529360  1*531415 

1               !               1               1 

Titano-sUicie   Crown, — This  glass  was  made  on  the  suggestion  of 
Professor  Stokes  in  the  hope  of  obtaining  a  glass  of  good  quality  which 
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should  be  perfectly  achromatic  >vith  a  flint.    The  determinations  were 
made  on  two  angles ;  density =2*55255. 

a=0-550466.     6=1-5044.    c=-0-93. 


B. 

C. 

D. 

E.             ft. 

F. 

Most  probable  TiJue  of  /i 

1-539155  1-540256  1543249  1547088  1547852  1550471 

1-539152  1-540249  1-543236  1-547074  I  547839  1-560466 

1                               ^               1 

Mean  of  obeenred  Talues 

1-539157 

1-540253  1-543248  1-547088  1  047852!  1-660471 

t                              1 

1                                                                                                                                        1 

1    (o.)       a 

A. 

H,. 

'  Moat  probable  Talue  of  /i 

1-556386  1-656830  ll-559999 1-562392 
1  -566407  1  -fififtASS '  1  --ifinoi fi  I -562.^^^ 

,                

Mean  of  obacrred  Talues 

1-556394  1  •556825  1-559998  il-562392 

1               1 

Eartra  Light  Flint  Glass, — ^Determinations  made  from  three  angles, 
density=2-86636. 

a=0-549123.     6=1-7064.    c= -0-198. 


1 

A. 

B. 

C. 

D. 

E. 

b. 

Most  probable  value  of  /i 
II  fW>m  formula... 

1-636460 '1-637673  jl-541011 
1-536448  1  -537663  ll  540993 

1-645806 
1-546296 

1-546166 
1-546158 

^  irum  iuruiux* 

,  Mean  of  obeerred  values  <l-634067 

1                                         1 

1-536460  1-537682  ,1-541022 

1               1 

1-545295 

1-546169 

1                                                                                                                                    1 

"                                          III 

F.      1     (G.)           G.             h. 

H,. 

Most  probable  value  of /i 
II  from  formula 

1549121 
1-549123 

1-655863 
l-.^^.'Wfll 

1-556372  1-560010 
1-556390  1-560026 

1-662760 
1  fifiSTfiO 

1 

Mean  of  observed  values  1649126  1  555870 'l •656375  1-569992  '  1-562760 

III                               1 
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LtgJU  Flint  Glass, — Determinations  made  from  three  anglea, 
density=3-20609. 

a=:0-583887.    6=1-9605.    c=+0-53. 


B. 

C. 

D. 

E. 

b. 

F. 

Most  probable  value  of  fi 
fA  from  formala 

1-668658 
1-668563 

1-670011 
1-670009 

1-674016 
1-574017 

1-579223 
1-579226 

1-580271 
1-580274 

1-583886 
1-683887 

Mean  of  obserred  values 

1-568558 

1-570007 

1-574013 

1-579227  1-680273 

1-583881 

1 

(O.) 

G. 

A. 

H,. 

1 
i 

Most  probable  ralue  of  fi 
H  from  formula 

1-592190 
1-692185 

1-692824 
1-592816 

1-697,332 
1*597322 

1-600727 
1-600724 

Mean  of  obeenred  valuee 

1-692184 

1-592826 

1-597332 

1-600717 

Dense  Mint. — ^Determinations  from  three  angles,  densit7s3'65865. 
a=0-634744.    6=2-2694.    «=l-48. 


B. 

C. 

D. 

E. 

6. 

F. 

Most  probable  value  of  /i  jl  -615701 
H  from  formula 1*615700 

1-617484 
1-617488 

1-622414 
1-622427 

1-628895 
1628904 

1-630204 
1-630210 

1-634748 
1-634744 

Mean  of  obserrations   . . . 

1-616704 

1-617477 

1-622411 

1-628882 

1-630208 

1-634748 

(».) 

G. 

A. 

H,. 

Most  probable  value  of  fi 
ft  from  formula 

1-646267 
1-645258 

1-646068 
1-646060 

1-651840 
l-«61ft.<W 

1-656219 
1-656222 

Mean  of  observations   . . . 

1-645268 

1-646071  1-651830  !l-666229 
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Extra  Dense  Flint. — ^DeterminatioDs  from  only  one  angle, 

den8ity=3-88947. 

a=0-664226.    5=2-4446,    c=l-87. 


A.      1      B. 

C. 

D. 

E. 

b. 

MoBt  probable  value  of  fi 
and  fi  from  formula  ... 

1 ll-642874 

1-644866 

1-660388 

1-657663 

1-669122 

Obserred    j  1-639143  1-642894 

1-644871 

1-660374 11  667631 

1-669108 

1 

P. 

(G.) 

G. 

A. 

Hp 

Most  probable  ralue  of  1 
/i  ana  ft  from  formula  j 

1-664226 

1-676111 

1-677019 

1-683677 

1-688669 

Obierred    

1*664246 

1-676090 

1-677020 

1-683676 

1-688690 

Double  Extra  Dense  Flint, — Determinations  from  two  angles, 
den8ity=4-42162. 

a=0-727237.-  5=2-7690.    c=2r70. 


A. 

B. 

0. 

D. 

E. 

6. 

Most  probable  value  of 
/i  and/*  from  formula/ 

1-701060 

1-703478 

1-710201 

1719114 

1720924 

Meanofobeerrations   ...1-696631 

1 

1-701080 

1-703486 

1710224 

1719081 

1720908 

1 

P. 

(G.) 

G. 

h. 

H,. 

Most  probable  value  of  1 
/i  and  fk  from  formula  j 

1-727237 

1-742063 

1-743204 

1761464 

1767786 

Mean  of  obeervationB    ... 

1-727267 

1742068 

1-743210 

1761486 

bh' 


The  following  Table  gives  the  value  of  _— (c-c')  for  each  glass 

when  combined  with  the  standard.    It  serves  to  show  how  little  there  is 
to  choose  between  the  glasses  ordinarily  used. 


Hard 
Crown. 

Soft 
Crown. 

Titanic 
Crown. 

Extra 
light 
FlLit. 

Light 
Flint 

Dense 
Flint. 

Extra 
Dense 
Flint. 

Double 
Extra 
Dense 
Flint. 

-117 

-107 

-9-4 

-9-9 

-9-4 

-11-8 

-11-9 

-13-2 
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III.  ''  Electrostatic  Capacity  of  Glass/'  By  J.  Hopkinson,  D.Sc, 
M.A.  Communicated  by  Prof.  Sir  William  Thomson,  F.R.S. 
Received  May  17,  1877. 

(Abstract.) 

The  instruments  used  in  the  experiments  were — a  guard-ring  condenser 
the  distance  between  the  plates  of  which  could  be  varied  and  measured ; 
a  sliding  condenser  which  could  be  adjusted  so  that  its  capacity  was 
equal  to  the  former ;  the  quadrant  electrometer  used  as  an  electroscope  ; 
a  battery  of  72  Daniell's  elements. 

The  method  of  ex^ieriment  was  to  connect  the  middle  of  the  battery 
with  the  lower  plate  of  the  guarding  condenser  and  with  the  case  of  the 
electrometer,  to  charge  one  condenser  from  one  pole  of  the  battery,  the 
other  from  the  opposite  pole,  to  insulate  both,  add  their  charges,  and  then 
connect  them  to  the  quadrant  of  the  electrometer.  The  condensers  are 
equal  when  there  is  no  deflection  of  the  image.  Two  experiments  are 
needed  in  each  case — 1st,  the  glass  plate  is  introduced  into  the  guard-riug 
condenser,  and  the  sliding  condenser  is  made  equal  to  it ;  2nd,  the  glass 
plate  is  removed,  and  the  guard-ring  condenser  is  made  equal  to  the  sliding 
condenser.  The  two  readings  of  the  screw  which  measures  the  distance 
of  the  plates  of  the  former  give  the  specific  inductive  capacity  of  the 
glass. 

Four  samples  of  flint  glass  were  successfully  examined  with  the 
followiug  results : — 

Density.     ^!?~!!*^^''    Ratio.      Ite^radbkfn 
^  capacitj-.  for  line  D. 

Light  flint  3-2  6-85  2-14  1-574 

Double  extra  dense  flint  4-5  10-1  2-25  1-710 

Dense  flint 3-66  7-4  2-02  1-622 

Very  light  flint  2-87  6*57  2-29  1-541 

Two  samples  of  the  first  of  these  glasses  were  examined,  taken  from 
different  meltings,  and  made  at  different  times;  they  gave  the  same 
result.  It  will  be  remarked  that  these  determinations  do  not  bear  out 
Prof.  Maxwell's  conclusion  that  the  square  of  the  refractive  index  for 
long  waves  is  equal  to  the  product  of  the  electrostatic  capacity  and  the 
magnetic  permeability.  The  quotient  electrostatic  capacity  -r  density  for 
these  glasses  and  also  for  solid  paraffin  lies  between  2-0  and  2-3. 
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IV.  "  On  the  Difference  of  Potential  produced  by  the  Contact  of 
different  Substances.^'  By  R.  B.  Clifton,  F.R.S.,  Professor 
of  Experimental  Philosophy  in  the  University  of  Oxford. 
Received  May  22,  1877. 

In  order  fully  to  determine  the  origin  of  the  difference  of  electric  poten- 
tial which  is  eidiibited  at  the  terminals  of  a  voltaic  element,  and  on  which 
the  electromotive  force  of  the  element  depends,  it  b  necessary  to  inves- 
tigate the  difference  of  potential  produced  at  each  contact  of  the  different 
substances  contained  in  the  element. 

This  difference  of  potential  was  approximately  determined  by  Volta  in 
certain  cases  of  contact  of  two  metals,  and  the  investigation  of  the  electric 
condition  of  metals  in  contact  has  since  been  more  fully  studied  by  Kohl- 
rausch  and  others. 

The  difference  of  potential  arising  when  a  metal  and  a  liquid  are 
brought  in  contact  was  pointed  out  by  Volta,  and  has  since  been  inves- 
tigated by  Becquerel,  Peclet,  Pfaff,  Buff,  Kohlrausch,  and  others ;  but  the 
results  obtain^  have  in  most  cases  merely  shown  that  a  difference  of 
potential  exists,  and  indicated  the  sign  of  this  difference. 

The  methods  of  observation  adopted  by  Becquerel,  Peclet,  and  Pfaff  do 
not  indeed  deal  with  the  simple  case  of  the  contact  of  a  given  metal  and 
a  given  liquid,  but  introduce  more  than  one  active  contact;  and  the 
method  of  Buff,  which  Kohlrausch  has  also  employed,  is  objectionable 
from  the  fact  that,  in  addition  to  a  metal-liquid  contact  a  mel^-glass  or 
metal-lac  contact  has  been  introduced ;  and  this  latter  contact  is,  I  believe, 
far  from  inoperative,  producing,  indeed,  a  very  considerable  difference  of 
potential. 

In  endeavouring  to  study  this  subject  I  have  suppressed  the  solid 
dielectric  and  used  a  condenser  having  its  opposed  surfaces  of  metal  and 
liquid  separated  by  a  plate  of  air,  and  have  been  careful  to  introduce  only 
a  single  operative  metal-liquid  contact. 

Although  circumstances  have  prevented  me  from  making  much  pro- 
gress with  quantitative  measurements — and,  indeed,  the  experiments  have 
indicated  that  a  change  must  be  introduced  into  the  apparatus  employed 
before  satisfactory  measures  of  the  difference  of  potential  in  certain  im- 
portant cases  can  be  obtained,  this  difference  being  much  less  than  pre- 
vious investigations  had  led  me  to  expect — yet  I  venture  to  lay  before 
the  Society  a  short  account  of  some  of  the  results  obtained,  and  I  hope  at 
some  future  time  to  be  able  to  communicate  a  more  complete  investigation 
with  reliable  quantitative  determinations. 

For  the  insulation  of  the  apparatus,  on  which  so  much  depends,  I  have 
employed  a  modification  of  the  form  of  insulator  suggested  by  Sir  W. 
Thomson,  which  seems  to  me  more  convenient  tban  the  form  in  common 
use,  while  it  equals,  if  it  does  not  surpass,  the  latter  in  efficiency. 

Fig.  1  represents  one  of  these  insulators,  which  consists  of  a  glass 
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rod  A,  projecting  from  a  glass  cnp  B,  to  the  bottom  of  which  it  is  fused, 
so  that  the  whole  forms  one  piece  of  glass.    Into  the  cup  B  a  small 

Pig.  1. 


B 


quantity  of  strong  sulphuric  acid  (C)  is  introduced,  which  appears  effectu- 
ally to  dry  the  inside  of  the  cup  and  a  portion  of  the  glass  rod.  In  many 
cases,  during  the  time  required  for  an  observation,  I  failed  to  detect  any 
loss  of  charge,  although  six  of  these  supports  are  used  in  the  apparatus. 
Even  without  sulphuric  acid  in  the  cup,  this  form  of  stand  seems  to  in- 
sulate fairly  well ;  for,  even  in  very  damp  weather,  the  loss  from  six  such 
stands  rarely  exceeded  one  per  cent,  of  the  charge  in  a  minute. 

The  electrometer  employed  was  Sir  W.  Thomson's  quadrant  electro- 
meter, in  the  simple  form  constructed  by  the  late  Mr.  Becker,  which 
seems  to  me  to  be  more  sensitive  than  the  more  complex  instrument,  and 
to  give  equally  reliable  results,  when  it  is  requiii^  only  to  compare 
differences  of  potential.  With  this  instrument  and  a  condenser  one 
thousandth  part  of  the  difference  of  potential  produced  by  the  contact  of 
zinc  and  copper  is  very  distinctly  perceptible. 

The  condenser  was  furnished  with  horizontal  plates,  which  could  be 
separately  levelled,  and  the  upper  plate  could  be  moved  normally  to  its  sur- 
face, and  adjusted  with  any  required  interval  between  the  plates.  In 
observations  of  the  difference  of  potential  between  a  metal  and  a  liquid, 
the  latter  was  contained  in  a  glass  vessel  placed  upon  the  lower  plate, 
and  connected  with  this  plate  by  a  strip  or  wire  of  the  same  metal  as 
that  covering  the  lower  face  of  the  upper  plate. 

A  form  of  key  was  used  by  which  the  condenser-plates  can  be  con- 
nected by  a  metallic  circuit,  while  the  four  quadrants  of  the  electrometer 
are  maintained  at  the  same  potential,  and  the  plates  of  the  condenser  can 
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then  be  connected  with  ike  respectiTe  terminals  of  the  electrometer,  the 
whole  being  well  insulated.  Bj  the  same  key  the  alternate  pairs  of  qua- 
drants, in  connexion  with  the  respective  plates  of  the  condenser,  can  be 
charged  to  a  definite  difference  of  potential  bj  a  voltaic  cell,  and  can  then, 
while  still  in  connexion  with  the  condenser,  be  insulated  without  the  least 
risk  of  introducing  an  unknown  potential  by  touching  the  metallic  pon* 
tions  of  the  apparatus  by  the  hand. 

With  this  apparatus  the  following  experiments  were  performed. 

The  upper  condenser-plate  of  copper  was  connected  by  an  insu- 
lated copper  wire  with  one  terminal  of  the  electrometer,  the  other  ter- 
minal being  connected  by  an  insulated  copper  wire  with  the  lower  con- 
denser-plate, which  was  again  connected  with  a  copper  wire  dipping  in 
distilled  water,  contained  in  a  vessel  standing  on  the  lower  plate. 

The  two  insulated  wires  connecting  the  condenser  and  electrometer 
were  now  brought  into  metallic  connexion  by  the  key,  thus  putting  all 
four  quadrants  of  the  electrometer  in  connexion,  and  at  the  same  time 
uniting  the  copper  condenser-plate  with  the  wire  dipping  in  the  water. 
The  copp^  plate  and  the  water  thus  become  charged,  the  difference  of 
potential  being  that  due  to  the  contact  of  copper  and  water. 

The  upper  (copper)  plate  is  next  brought  near  the  surface  of  the  water, 
which  acts  as  the  lower  plate  of  the  condenser,  the  interval  between  the 
surfaces  being  from  0*1  millim.  to  0*2  millim. 

The  metaJlio  connexion  between  the  connecting  wires  is  now  sup- 
pressed, and  the  upper  condenser-plate  quickly  raised ;  the  needle  of  the 
electrometer  is  at  once  deflected,  and  in  the  direction  which  indicates  that 
the  upper  plate  is  poHtive  with  respect  to  the  lower. 

It  appears,  then,  that  when  copper  and  distilled  water  are  in  contact 
they  assume  a  difference  of  potential,  copper  being  positive  to  distilled 
water. 

Excepting  Professor  W.  G.  Hankel*,  all  previous  observers,  with 
whose  results  I  am  acquainted,  agree  in  asserting  that  copper  is  negative 
to  water ;  but  I  have  repeated  the  above  experiment  a  great  number  of 
times  under  varied  conditions,  and  always  with  the  same  result,  so  that 
I  feel  confident  that  copper  is  really  positive  to  water. 

When  the  vessel  on  the  lower  plate  contained  a  saturated  solution  of 
copper  sulphate,  and  similar  operations  were  performed  to  those  above 
described,  the  result  was  that  copper  and  a  saturated  solution  of  copper 

*  Abhandl.  d.  konigl.  itiohs.  Cktellscbaft  der  Wissenscliaften,  vol.  xi.  p.  605. 

My  experiment!  gaye  no  indication  of  the  change  of  sign  of  the  potential  of  copper 
with  respect  to  that  of  water,  which,  according  to  Profeaaor  Hankel,  takes  place  during 
the  first  few  minutes  of  contact.  It  is  possible,  howcTer,  that  this  change  may  bare 
taken  place,  although  the  copper  wire  bad  not  been  immersed  more  than  two  or  three 
minatei  when  the  difference  of  potential  was  obserred. 

At  the  time  my  experiments  were  performed  I  had  not  seen  Professor  Hankel's 
paper.  « 
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sulphate  assume  in  contact  a  difference  of  potential,  copper  being  positive 
to  the  solution  of  copper  sulphate. 

The  difference  of  potential  in  this  case  appears  to  be  about  ^  of  the 
difference  of  potential  of  copper  and  water  in  contact ;  but  I  do  not  yet 
feel  in  a  position  to  make  any  yery  definite  statements  with  respect  to 
the  relative  magnitudes  of  the  differences  of  potential  of  metals  and 
liquids  in  contact. 

When  the  liquid  employed  was  commercial  sulphuric  acid  diluted  with 
twenty  times  its  volume  of  distilled  water,  the  difference  of  potential 
observed  was  very  small,  so  small,  indeed,  that  copper  and  this  dilute  add 
in  contact  may  be  regarded  as  practically  at  the  same  potential ;  a  very 
small  difference  of  potential,  however,  exists  in  this  case,  and  copper  is 
negative  to  this  dilute  acid« 

Copper  and  a  strong  aqueous  solution  of  caustic  potash  assume  in  con- 
tact a  small  difference  of  potential,  larger,  however,  than  that  observed 
in  the  last  case,  and  copper  is  negative  to  the  solution  of  caustic  potash. 
There  is  a  very  marked  difference  of  potential  between  copper  and  an 
aqueous  solution  of  potassium  sulphide  (liver  of  sulphur)  in  contact, 
copper  being  negative  to  this  solution. 

Between  copper  and  a  strong  aqueous  solution  of  potassium  cyanide 
in  contact  there  is  a  very  considerable  difference  of  potential,  copper 
being  negative  to  the  solution.  The  difference  of  potential  in  this  case  is 
comparable  with  the  difference  observed  when  zinc  and  copper  are  in 
contact. 

Similar  experiments  were  performed  with  the  upper  condenser-plate 
of  well-cleaned  zinc,  the  liquid  being  connected  with  the  lower  plate  by 
a  strip  of  zinc.  When  the  liquid  is  distilled  water  there  is  a  marked 
difference  of  potential,  zinc  being  positive  to  water ;  and  the  magnitude  of 
this  difference  of  potential  appears  to  be,  very  approximately  at  least,  the 
same  as  that  observed  in  the  case  of  copper  and  water. 

With  zinc  and  dilute  sulphuric  add  the  difference  of  potential  is 
extremely  small ;  but  zinc  is  slightly  negative  to  the  dilute  acid  (1  volume 
of  sulphuric  acid  in  20  volumes  of  distilled  water). 

In  experimenting  with  zinc  the  greatest  care  is  necessary  in  cleaning 
the  surface  of  the  zinc  condenser-plate,  as  zinc  oxide  is  strongly  negative 
to  zinc ;  when  the  plate  is  very  slightly  tarnished,  the  sign  of  the  differ- 
ence of  potential  exhibited  by  the  condenser,  in  the  case  of  water,  is 
reversed,  the  oxidized  zinc  being  negative  to  distilled  water. 

When  the  upper  condenser- plat^  was  of  iron,  and  distilled  water  acted 
as  the  lower  plate,  there  was  a  small  but  distinct  difference  of  potential, 
iron  being  negative  to  water. 

The  experiments  above  described  seem  to  indicate  that  zinc  and  copper 
are  about  equally  positive  to  water,  and  that  consequently  zinc  and  copper 
dipping  in  water  are  nearly  at  the  same  potential. 

This  conclnsion  has  been  also  arrived  at  by  Sir  W.  Thomson  as  the 

Digitized  by  VjOOQ IC 


1877.]  Contact  of  different  Substances. 

result  of  an  experiment  described  by  Professor  E.  Jenkin  in  his  '  Text 
Book  of  Electricitj  and  Magnetism  ;*  but  this  experiment  seems  to  leave 
something  to  be  desired  on  the  score  of  sensitiveness,  and  I  was  anxious 
to  put  the  conclusion  to  a  somewhat  severer  test.  With  this  object  the 
following  experiment  was  performed : — 

The  condenser  was  furnished  with  carefully  cleaned  pktes  of  zinc  and 
copper,  which  were  connected  as  before  by  insulated  copper  wires  with 
tiie  respective  terminals  of  the  electrometer.  Into  a  vessel  containing 
distilled  water  two  insulated  plates  of  sine  and  copper  respectively  (both 
carefully  cleaned)  were  plunged  and  connected  with  the  key  above  men- 
tioned by  copper  wires.  By  means  of  this  key  the  zinc  plate  in  water 
was  connected  with  the  zinc  condenser-plate,  and  the  copper  plate  in  - 
water  with  the  copper  condenser-plate,  the  two  condenser-plates  being 
separated  by  an  mterval  certainly  not  more  than  0*2  miUim.  The  needle 
of  the  electrometer  was  at  once  deflected,  and  in  a  few  minutes  became 
stationary  in  a  position  showing  a  considerable  deflection  due  to  the 
difference  of  potential  of  the  terminals  of  the  zinc-water-copper  ele- 
ment, while  the  zinc  and  copper  plates  of  the  condenser  are  necessarily 
at  the  same  potentials  as  the  zinc  and  copper  plates  in  the  water. 

The  key  was  now  opened,  so  that  the  condenser-plates  and  electro- 
meter, still  in  connexion  as  before,  became  insulated,  and  no  change  in 
the  deflection  of  the  electrometer-needle  was  perceptible. 

The  condenser-plates  were  now  quickly  separated,  but  the  electrometer- 
needle  remained  absolutely  undisturbed.  It  appears,  then,  that  the  zinc 
and  copper  plates  in  water  are  so  nearly  at  the  same  potential,  that  the 
apparatus  employed  fails  to  show  the  difference  between  their  potentials. 
Considering  that  if  the  zinc  and  copper  condenser-plates  are  connected 
by  a  wire  when  at  the  same  distance  apart,  and  are  then  insulated  and 
separated  in  the  same  way,  the  needle  is  so  strongly  deflected  as  to  be 
turned  completely  round,  I  feel  justified  in  stating  that  clean  zinc  and 
copper  plates  when  first  plunged  in  distilled  water,  if  not  absolutely  at 
the  same  potential,  certainly  do  not  differ  in  potential  by  the  thousandth 
part  of  the  difference  of  potential  produced  by  the  contact  of  zinc  and 
copper. 

The  electromotive  force,  then,  of  a  voltaic  element  composed  of  zinc  and 
copper  plates  dipping  in  distilled  water,  and  connected  by  a  copper  wire, 
is  at  first,  for  all  practical  purposes,  due  entirely  to  the  difference  of  po- 
tential produced  by  the  contact  of  zinc  and  copper,  the  water  having  no 
perceptible  effect. 

This  was  assumed  by  Yolta,  on  less  conclusive  evidence,  and  forms  the 
basis  of  his  reasoning  with  respect  to  the  action  of  the  pile  devised  by  him. 
I  cannot,  however,  agree  with  Professor  Jenkin  that  the  water  is  also 
at  tJie  same  potential  as  the  zinc  and  copper  plates  immersed  in  it.  The 
above-mentioned  experiments  seem  to  me  to  show  that  the  water  is 
negative  to  both  plates,  but  to  the  same  extent. 
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If  the  potentials  of  the  different  substances  in  the  voltaic  element 
just  mentioned  be  represented  by  lines  drawn  perpendicular  to  an  axis 
along  which  the  substances  are  distributed  in  the  order  in  which  they  occur 
in  the  element,  the  einc  being  furnished  with  a  copper  terminal,  the  dis- 
tribution of  potential,  when  the  circuit  is  not  completed,  is  represented 
by  fig.  2. 

Yig.2. 


Copper.       Zino.        Water.      Copper. 

As  I  haye  not  yet  obtained  sufficiently  trustworthy  measures  of 
the  difference  of  potential  between  sine  or  copper  and  liquids,  this 
figure  and  those  which  follow  do  not  represent  quantitative  relations; 
the  sine-water  difference  of  potential  C  D  may  possibly  be  represented  as 
too  large,  compared  with  the  zinc-copper  difference  of  potential  A  B.  The 
figures  are  merely  intended  to  represent  the  distribtUion  of  the  poteniaals. 

Similar  experiments  were  performed  with  zinc  and  copper  plates  dip- 
ping in  dilute  sulphuric  acid  (1  volume  of  add  in  20  volumes  of  distilled 
water),  and  with  the  same  result,  viz.  that  the  zinc  and  copper  plates 
are,  as  far  as  can  be  observed,  at  the  same  potential ;  and  in  this  case,  as 
the  experiments  previously  described  show,  the  liquid  is  yery  nearly  at 
the  same  potential  as  the  immersed  metals. 

It  is  possible  that  with  more  dilute  sulphuric  acid  Professor  Jenkin's 
statement  will  be  found  to  be  absolutely  true,  the  zinc,  copper,  and 
dilute  add  in  which  they  are  immersed  being  all  at  the  same  potential ; 
but  with  the  dilute  add  used  the  distribution  of  potential  in  this  voltaic 
element  is  represented,  in  the  same  manner  as  before,  by  fig.  3. 

Fig.  3. 


Copper.        Zinc.     Dilute  sul-  Copper, 
phoric  add. 


The  series  of  metab  and  liquids  which  I  have  examined  is  small;  bat. 
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so  far  M  it  extends,  the  phenomenon  of  two  metals  being  at  the  same 
potential  when  immersed  in  a  liquid  is  peculiar  to  zinc  and  copper,  and 
only  takes  place  in  ihe  case  of  these  metals  when  the  liquid  is  either 
water  or  dilute  sulphuric  acid,  and  when  the  metals  have  been  recently 
placed  in  it. 

For  instance,  when  zinc  and  copper  are  immersed  in  a  solution  of 
caustic  potash,  there  is  a  small  but  distinct  difference  of  potential  be- 
tween the  zinc  and  copper,  copper  being  positive  to  zinc.  Again,  iron 
and  copper  in  distilled  water  exhibit  a  marked  difference  of  potential, 
the  6opper  plate  being  positive  to  the  iron  plate ;  this  is,  of  course,  a 
necessary  consequence  of  the  fact,  previously  stated,  that  copper  is  posi- 
tive to  water,  while  iron  is  negative  to  water,  and  it  is  confirmed  by  the 
experiments  with  a  copper-water-iron  element. 

Similar  observations  were  made  with  zinc  and  iron  in  distilled  water, 
with  the  result  that  zinc  in  water  is  positive  to  iron  in  water. 

Connected  with  the  experiment  by  which  I  have  attempted  to  show 
that  well-deaned  zinc  and  copper  in  water  are  at  the  same  potential, 
there  are  some  points  which  seem  worthy  of  mention.  When  the  con- 
denser-plate of  zinc  is  thoroughly  cleaned,  but  the  zinc  plate  in  the 
water  is  not  cleaned  with  the  same  care,  the  copper  plate  at  first  appears 
to  be  slightly  negative  to  the  zinc  plate ;  but  after  a  short  time  (the  im- 
mersion of  the  plates  being  continued)  this  difference  of  potential  dis- 
appears, and  the  two  plates  are,  as  before  mentioned,  exactly  at  the 
same  potential.  If  the  plates  continue  immersed  a  small  difference 
of  potential  again  appears  between  them ;  but  now  the  copper  appears  to 
be  positive  to  the  zinc,  and  this  difference  of  potential  slowly  increases 
until  it  attains,  after  some  hours,  a  considerable  magnitude. 

A  possible  explanation  of  these  changes  seems  to  be  that  at  first  the 
zinc  oxide  has  not  been  entirely  removed,  and,  being  strongly  negative  to 
the  zinc,  it  causes  the  copper  to  appear  negative  to  the  zinc ;  but  as  the 
zinc  becomes  acted  upon  by  the  water*,  its  surface  becomes,  partially 
at  least,  coated  with  hydrogen,  which  is  positive  to  zinc,  and  hence 
the  copper  plate,  assuming  the  same  potential,  or  nearly  so,  as  the 
altered  zinc  surface,  becomes  positive  to  the  zinc  plate.  As  the  time 
of  immersion  is  prolonged  the  coating  of  hydrogen  on  the  zinc  be- 
comes more  complete,  and  the  apparent  positive  potential  of  the  copper 
with  respect  to  the  zinc  increases,  the  zinc  plate  becoming  less  and  less 
operative  in  the  water,  and  serving  more  and  more  as  a  mere  support  for 
the  hydrogen. 

With  amalgamated  zinc  the  coating  of  hydrogen  is  formed  much  more 
evenly  and  rapidly ;  and  thus,  in  spite  of  the  presence  on  the  zinc  plate  of 
the  mercury,  which  is  considerably  negative  to  copper,  an  amalgamated 
zinc  plate  and  a  copper  plate  in  water,  or  in  dilute  sulphuric  acid,  exhibit, 
when  first  immersed,  a  larger  difference  of  potential  than  zinc  and  copper 
*  The  zino  tised  in  these  ezperimentB  was  oommercial,  not  pure  zinc. 

t2 
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under  the  same  circumstances.  The  result  of  mj  experiments  up  to  the 
present  has,  however,  led  me  to  conclude  that  the  final  difference  of 
potential  between  amalgamated  zinc  and  copper  in  water,  or  dilute  sul- 
phuric acid,  is  yqtj  nearly,  if  not  exactly,  the  same  as  that  exhibited  by 
zinc  and  copper  under  the  same  conditions,  if  the  immersion  of  the  plates 
is  sufficiently  prolonged. 

This  rise  of  the  difference  of  potential  between  the  plates  of  a  voltaic 
element  while  the  circuit  is  open  seems  to  me  to  be  due  to  exactly  the 
same  cause  as  the  so-called  polarization  of  the  plates  when  the  circuit  is 
closed,  but  operating  in  the  opposite  direction. 

The  natural  result  of  this  change  in  the  difference  of  potential  of  the 
unmersed  plates  is,  that,  in  a  cell  composed  of  zinc  and  copper  plates  im- 
mersed in  water,  the  zinc  being  furnished  with  a  copper  terminal,  the 
difference  of  potential  exhibited  by  the  terminals  should  increase  with 
the  length  of  time  the  plates  have  been  immersed,  the  circuit  of  course 
never  having  been  completed.  In  order  to  verify  this  I  have  endeavoured 
to  compare,  by  the  electrometer,  the  difference  of  potential  of  the  ter- 
minals of  such  a  cell  with  the  difference  of  potential  of  the  terminiJs  of 
a  Daniell's  cell.  Several  determinations  gave  nearly  the  same  results ; 
and  the  following  numbers  show  the  magnitude  of  the  change  which 
takes  place : — 

D  represents  the  difference  of  potential  of  a  Darnell's  cell,  in  which  tiie 
amalgamated  zinc  plate  is  immersed  in  a  liquid  composed  of  1  part  by 
weight  of  pure  sulphuric  acid  and  4  parts  by  weight  of  distilled  water. 
According  to  Mr,  Latimer  Clark,  D=1'079  volt. 

The  difference  of  potential  of  the  copper  terminals  of  a  zino-water- 
copper  cell  is, 

immediately  after  the  immersion  of  the  plates, 
0-760  D,  or  0-820  volt ; 

after  the  plates  have  been  immersed  1-5  hour, 

0-821  D,  or  0-886  volt; 
after  the  plates  have  been  immersed  3  hours, 

0-838  D,  or  0-905  volt. 

The  experiments  with  the  condenser  above  mentioned,  by  which  the 
corresponding  change  in  the  potentials  of  the  plates  themselves  was 
observed,  would  indicate  that  the  difference  of  potential  of  zinc  and 
copper  in  contact  (which  I  will  represent,  as  usual,  by  Zn  |  Cu)  is  between 
0*760  D  and  0-821  D,  and  nearer  to  the  former.  This  indication  is 
justified  by  the  result  of  direct  experiment,  as  described  in  a  later  part  of 
this  paper. 

From  the  observations  previously  described  as  to  the  difference  of 
potential  of  copper  with  respect  to  water  and  with  respect  to  a  solution 
of  copper  sulphate,  it  follows  that  when  copper  plates  are  immersed 
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reapectiyelj  in  water  and  in  a  saturated  aqueous  solution  of  copper 
Hulphate,  the  two  liquids  being  separated  by  a  porous  partition,  if  no 
difference  of  potential  arise  between  the  liquids  in  contact,  the  copper 
plate  in  water  wiU  h^  positive  to  the  copper  plate  in  the  copper-sulphate 
solution.    The  distribution  of  potential  will  be  indicated  by  fig.  4. 

Fig.  4. 


Copper.      Water.      Sol.  of       Copper, 
cop.  tulph. 

Experiment,  however,  shows  that  the  copper  plate  in  water  is  dis- 
tinctly negative  to  the  copper  plate  in  the  copper-sulphate  solution. 
Hence  it  follows  that  there  is  a  considerable  difference  of  potential  be- 
tween these  two  liquids  in  contact,  the  copper- sulphate  solution  being 
positive  to  distilled  water. 

The  real  distribution  of  potential  in  this  case  b  therefore  represented 
in  fig.  5  ;  as  before,  these  figures  are  not  drawn  to  scale,  but  only  repre- 
sent qualitatively  the  distribution  of  potential. 


Fi 


ig- 


Copper.      Water.       Sol.  of      Copper, 
cop.  sulph. 

Similar  experiments  indicate  (though,  in  the  absence  of  perfectly  reli- 
able measures,  perhaps  not  so  conclusively)  that  a  saturated  solution  of 
copper  sulphate  is  positive  to  dilute  sulphuric  acid  and  also  to  a  solu- 
tion of  potassium  cyanide  when  the  first  liquid  is  in  contact  with  either 
of  the  two  latter. 

Indeed  the  experiments  I  have  performed  lead  me  to  conclude  that 
the  11  to  13  per  cent.,  by  which  the  difference  of  potential  exhibited  by 
the  copper  terminals  of  a  Daniell's  cell  exceeds  the  difference  of  potential, 
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shown  by  the  copper  terminals  of  a  cell  composed  of  amalgamated  sine 
and  copper  in  dilute  sulphuric  add  is  mainly  due  to  the  contact  of  the 
dilute  sulphuric  acid  and  the  solution  of  copper  sulphate  in  the  Dauiell's 
cell.  The  contact  between  the  copper  and  the  copper-sulphate  solution 
appears  to  add  but  little,  and  the  contact  of  the  one  and  dilute  acid 
next  to  nothing,  to  the  difference  of  potential;  at  all  eyents  in  the 
case  where  the  acid  solution  is  weak. 

In  such  a  Darnell's  cell  the  distribution  of  potential  appears  to  be  that 
indicated  in  fig.  6. 

Fig.  6. 


Copper.   Amalgama-    Dilute        SoL  of      Copper, 
ted  zino.  sulph.Boid.  oop.Bulph. 

The  yery  large  difference  of  potential  between  copper  and  a  solution 
of  potassium  cyanide  in  contact,  to  which  attention  has  been  called  at  the 
commencement  of  this  paper,  coupled  with  the  fact  that  this  difference 
is  of  the  opposite  sign  to  that  exhibited  by  copper  and  water,  or  copper 
and  a  solution  of  copper  sulphate  in  contact,  shows  that  a  yoltaic  cell  of 
considerable  power  may  be  constructed  containing  only  one  metal  and 
two  liquids.  Such  cells  haye  long  been  known  ;  for  instance,  Becquerel*s 
cell,  composed  of  platinum  in  nitric  acid,  and  platinum  in  a  solution  of 
caustic  potash  ;  but  the  only  cell  of  this  kind  which  I  haye  seen  described, 
in  which  copper  is  the  only  metal  present,  is  that  deyised  by  the  late 
Emperor  Napoleon. 

A  cell  composed  of  copper  in  water  and  copper  in^lkjiolution- of  potas- 
sium cyanide  (1  part  by  weight  of  cyanide  to  5  parts  by  weight  of  dis- 
tilled water)  shows  a  difference  of  potential  between  its  terminals  equal 
to  0-923  D,  or  0*996  volt. 

This  cell  has,  of  course,  a  yery  large  internal  resistance ;  but  this  i«- 
sistance  may  be  greatly  diminished  by  substituting  a  saturated  soluti<m 
of  copper  sulphate  for  the  water ;  and  although  this  substitution  causes  a 
loss  of  potential  at  the  junction  of  the  copper  and  liquid,  yet  it  is  much 
more  than  compensated  by  the  gain  at  the  junction  of  the  two  liquids. 

Thus  a  cell  composed  of  copper  in  a  saturated  solution  of  copper  sul* 
phate,  and  copper  in  a  solution  of  potassium  cyanide  (1  part  by  weight  of 
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the  cyanide  to  5  parts  by  weight  of  distilled  water),  exhibits  at  its  ter- 
minals a  difPerenoe  of  potential  equal  to  1*102  D,  or  1*189  volt. 

In  order  to  test  the  constancy  of  this  hust-mentioned  oeU,  it  was  con- 
structed in  the  form  usually  adopted  for  Grove's  battery :  the  inner 
porous  vessel  contained  60  cub.  centims.  of  the  potassium-cyanide  solu- 
tion, and  in  it  was  inserted  a  plate  of  copper ;  the  outer  vessel  contained 
a  solution  of  copper  sulphate  maintained  in  a  state  of  saturation  by  the 
presence  of  crystals  of  the  salt,  imd  the  copper  plate  in  this  vessel  was 
bent  round  the  flat  porous  vessel  "bo  as  nearly  to  touch  it  on  both  sides. 
The  terminals  were  now  connected  by  short  wires  with  a  tangent  galva- 
nometer, and  the  current  allowed  to  pass  uninterruptedly,  with  the  fol- 
lowing results : — 

Defleotion  of  the 
needle. 

o 

At  the  time  the  circuit  was  closed 34 

After  6  minutes 58 

»   15      „ 73 

„   22      „         75 

«   30      „         75 

„   45      „         68*5 

„   62      „         46 

„   75      „ 28 

«   90      „         26 

,,105      „         23-5 

,,120      „         21*5 

It  appears,  therefore,  that  though,  for  a  voltaic  element  containing 
only  one  metal,  this  cell  has  a  considerable  electromotive  force,  it  is  far 
from  constant  in  its  action. 

In  endeavouring  to  compare  the  differences  of  potential  arising  in  pairs 
of  metals  in  contact,  I  have  employed  the  method  of  Kohlrausch  ("Wiede- 
mann's '  Gitlvanismus,'  1861,  vol.  i.  p.  28),  in  which,  by  the  aid  of  a  con- 
denser having  its  plates  of  two  metals,  the  difference  of  potential  of  these 
metals,  due  to  their  contact,  is  compared  with  the  difference  of  potential 
exhibited  by  the  terminals  of  a  constant  voltaic  element. 

For  the  purpose  of  comparison  I  used  a  Clark's  standard  cell  (Phil. 
Trans,  vol.  clxiv.  p.  1),  relying  upon  the  reported  constancy  of  the  differ- 
ence of  potential  of  its  terminals  ;  and  although  I  find  that  this  difference 
is  very  far  from  constant,  yet  the  rate  of  change  is  slow,  and  for  experi- 
ments performed  at  intervals  of  only  a  few  days  it  may  be  considered 
constant  within  the  limits  of  the  experimental  errors  to  which  my  present 
apparatus  seems  liable. 

I  will  denote  by  C  the  difference  of  potential  of  the  terminals  of  this 
cell  at  the  time  the  following  measures  were  made : — 
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With  condenBer-plates  of  iron  and  copper  carefully  cleaned  I  obtained 

Fe  I  Cu=0-0774  C. 
0-0717  C. 


0-0745  C.  (Mean.) 

With  condenser-plates  of  zinc  and  copper  carefully  cleaned  immediately 
before  commencing  the  series  of  measurements  the  following  results  were 
obtained : — 

Zn  I  Cu= 0-6180  C. 
0-6238  C. 
0-6172  C. 
0-6204  C. 


0-6198  C.  (Mean.) 

In  these  experiments  the  circumstances  were  altered  as  mudi  as  pos- 
sible, the  condenser-plates  were  adjusted  at  different  intervals,  and  the 
plates  were  in  some  cases  separated  slowly,  and  in  others  as  rapidly  as 
possible ;  yet  the  greatest  amount  of  variation  in  the  measures  obtained 
scarcely  exceeds  one  per  cent. 

These  two  measurements  lead,  by  Volta's  law,  to 

Zn  I  Fe=0-5453  C. 

Direct  experiments  with  condenser-plates  of  zinc  and  iron  gare  the 
following  results : — 

Zn  I  Fe= 0-5228  C. 
0-5329  C. 
0-5198  C. 


0-5251  C.  (Mean.) 

Unfortunately  in  iliese  experiments  the  plates  were  not  cleaned  imme- 
diately before  the  measurements  were  made,  and  the  zinc  plate  was  very 
slightly  oxidized,  so  that  this  series  must  give  a  value  for  Zn  |  Fe  below 
the  true  value.  For  this  reason  more  confidence  is  to  be  placed  in  the 
result  deduced  from  the  experiments  with  Zn  and  Chi  and  with  Fe  and  Cu 
than  in  that  obtained  by  the  last  series. 

When  mercury  acted  as  the  lower  plate  of  the  condenser  and  the 
upper  plate  was  of  iron,  I  obtained 

Fe  I  Hg=0-23144  C. 
The  above-mentioned  results  lead,  then,  to  the  following : — 
Fe  I  Cu  =0-120  .  Zn  I  Cu. 
Zn  I  Fe  =0-880  .  Zn  |  Cu. 
Fe  I  Hg=0-373  .  Zn  |  Cu. 
Zn  I  Hg= 1-253.  Zn  |  Cu. 
Cu  I  Hg= 0-253.  Zn  |  Cu. 
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Comparison  of  the  difference  of  potential  of  sine  and  copper  in  contact 
^th  that  of  the  terminals  of  the  standard  Darnell's  cell  before  men- 
ticmed  gare 

Zn  I  Cu=0-7892D; 

or,  AgftiimiTig  Mr.  Latimer  Clark's  measurement  of  D,  yix.  1-079  volt, 

Zn  I  Cu=0-8516  volt. 

This  value  shows  that,  on  the  occasion  of  the  previous  measures, 

C  =  1-273  D«  1-374  volt. 

By  using  this  value  of  Zn  |  Cu  in  the  preceding  results,  the  values  con- 
tained in  the  following  Table  are  obtained : — 


D. 

Volt. 

Zn  |Fe 

0-694 

0-749 

Fe  |Cu 

0-095 

0-102 

Cu|Hg 

0-200 

0-216 

Zn  1  Cu 

0-789 

0-852 

Fe  |Hg 

0-295 

0-318 

Zn  |Hg 

0-989 

1-067 

The  experiments  from  which  the  above-mentioned  ratios  of  Zn  |  Cu 
to4he  difference  of  potential  of  the  terminals  of  Clark's  standard  cell  are 
deduced  were  performed  on  January  5  and  January  8, 1877.  A  series 
of  similar  experiments  had  been  previously  made  on  December  15  and 
December  16, 1876,  which  led  to  the  following  results,  C  representing 
tiie  difference  of  potential  of  the  terminals  of  Clark's  cell  at  that  time : — 

Zn  I  Cu=0-6863  C. 
0-5842  C. 
0-5912  C. 
0-5890  a. 


0-5877  C.  (Mean.) 
Hence,  since  Zn  |  Cu=0-7892  D-0-8516  volt, 
C'»1-343D= 1-449  volts. 
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On  March  13  and  15,  1877,  Clark's  cell  was  directlj  compared  with  a 
Darnell's  cell,  giving 

C"=  1-192  D. 
1-178  D. 


1-185  D.  (Mean.) 

On  March  28, 1877,  the  same  comparison  was  repeated,  leading  to  the 
result 

C'"= 1-169  D. 

Hence  it  appears  that  the  difference  of  potential  exhihited  by  the  ter- 
minals of  Clark's  standard  cell  is  constantly  diminishing  during  the 
period  of  these  experiments,  being 


SUndard 
DanielL 

Volt. 

On  December  15-16. 1876 

1-343 
1-273 
1-186 
1169 

1-449 
1-374 
1-279 
1-262 

„  January  5-8, 1877  

„  March  13-15, 1877 

„  March  28, 1877   ' 

In  the  course  of  my  experiments  I  have  had  occasion  to  compare  the 
difference  of  potential  exhibited  by  the  copper  terminals  of  various  voltaic 
elements  with  the  difference  of  potential  of  the  terminals  o£  a  standard 
Darnell's  cell,  in  which  the  amalgamated  zinc  plate  is  immersed  in  a  liqj^d 
composed  of  1  part  by  weight  of  pure  sulphuric  acid  and  4  parts  by 
weight  of  distilled  water.  Some  of  the  results  have  been  already  men- 
tioned, and  the  whole  are  contained  in  the  Table  accompanying  this 
paper,  arranged  with  the  differences  of  potential  in  ascending  order  of 
magnitude. 

In  all  the  cells  referred  to  in  this  Table  the  terminals  have  been  care- 
fully insulated,  so  that  in  no  case  has  a  current  circulated  in  any  of  the 
cells ;  the  difference  of  potential  observed  is  therefore  free,  or  nearly  free, 
from  the  influence  of  the  phenomenon  known  as  the  polarization  of  the 
metal  plates. 

I  hope  shortly,  with  somewhat  improved  apparatus,  to  undertake  m 
more  extended  series  of  measurements  of  the  differences  of  potential  due 
to  the  contact  of  metals,  and  metals  and  liquids,  and  by  using  purer 
metals  to  be  able  to  present  to  the  Society  results  of  more  value  than 
those  contained  in  the  present  paper. 
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Table  showing  the  Difference  of  Potential  of  the  Copper  Terminals  of 
Voltaic  Elements  in  which  no  Current  has  circulated. 


Oompoeition  of  Blement 


Difference  of  Potential 
in  terms  of 


Standard 
DanielL 


Volt 


Tin  in  dilute  sulphuric  add  (1  volume  of  add  to 
8  volumes  of  oistilled  water)  and 

Tin  in  solution  of  caustic  potash  (1  part  by  weight 
of  caustic  potash  to  5  parts  by  weight  of  distilled 
water) 

Tin  in  distilled  water  and 

Tin  in  solution  of  caustic  potash  (1  part  by  weight 
of  caustic  potash  to  5  parts  by  weight  of  distUled 
water) 

Copper  and  zinc  (both  well  cleaned)  in  distilled 
water : — 

When  metals  are  first  immersed 

After  immersion  for  1*5  hour 

„  „  „      3  hours     

Copper  and  amalgamated  zinc  in  dilute  sulphuric 
add  (1  volume  of  commercial  sulphuric  add  to 
8  volumes  of  distilled  water) . . . ; 

Copper  in  distilled  water  and 

Copper  in  solution  of  potassium  cyanide  (1  part  by 
weight  of  potassium  cyanide  to  6  parts  by  weight 
of  distilled  water) 

Daniell : — 

Copper  in  saturated  solution  of  copper  sulphate 

and  amalgamated  zinc  in  dilute  sulphuric  acid 

(1  volume  of  commercial  sulphuric  add  to  10 

volumes  of  distilled  water) 

D  aniell : — 

Copper  in  saturated  solution  of  copper  sulphate 
and  amalgamated  zinc  in  dilute  sulphuric  add 
(1  volume  of  commercial  sulphuric  add  to  8 
volumes  of  distilled  water)    

Carbon  and  zinc  in  a  saturated  aqueous  solution 
of  potassium  bichromate 


0-532 


0-713 


0-760 
0-821 
0-838 


0-856 


0-923 


0-958 


0-982 


0-996 


0-574 


0-769 


0-820 
0-886 
0-905 


0-924 


0-996 


1-034 


1-059 
1-074 
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Oompodtion  of  MemenU. 

Differenoe  of  PotontiAl 
in  termaof 

DuiielL 

Volt. 

Copper  in  saturated  solution  of  copper  sulphate 
and  copper  in  solution  of  potassium  cyanide 
(1  part  by  weight  of  potassium  cyanide  and  5 
Darts  bv  weifirht  of  distilled  water) 

1-102 

1-193 
1-268 

1-504 

I'CTS 
1-701 

1-189 

1-288 
1-369 

1-622 

1-811 
1-835 

Smee : — 

Platinized  sUver  and  amalgamated  zinc  in  dilute 
sulphuric  add  (1  volume  of  commercial   sul- 
phuric acid  to  8  volumes  of  distilled  water)  . . 

Leclanche: — 

Solution  of  ammonium  chloride  in  distilled  water 

Grove : — 

Platinum  in  commercial  nitricr  acid  (sp.  gr.  1*36) 
and  amalgamated  zinc  in  dilute  sulphuric  add 
(1  volume  of  commerdal  sulphuric  add  to  12 
volumes  of  distilled  waters   

Platinum  in  add  solution  of  potassium  bichromate 
(4  volumes  of  saturated  aqueous  solution  of 
potassium  bichromate  to  1  volume  of  commer- 
dal sulphuric  add)  and 

Amalgamated  ziuc  in  dilute   sulphuric  add  (1 
volume  of   commerdal    sulphuric  add   to   8 
volumes  of  distilled  wate^^  ....,, ^  - .  r 

Carbon  and  zinc  in  add  solution  of  potassium 
bichromate  (4  volumes  of  saturated  aqueous 
solution  of  potassium  bichromate  to  1  volume 
of  commerdal  sulphuric  add) 

V.  "The  Physiology  of  Sugar  in  relation  to  the  Blood/' 
By  P.  W.  Pavy,  M.D.,  P.R.S.  Received  June  12, 1877. 
In  a  communication  published  in  the  'Transactions  of  the  Boyal 
Sodety '  (1860,  p.  579)  I  gave  the  results  of  analyses  showing  that  what 
had  previously  been  looked  upon,  under  Bernard's  glycogenic  theory,  as 
the  natural  condition  of  the  blood  in  relation  to  sugar  was  a  falladous 
representation  due  to  a  post  mortem  change  being  allowed  to  exert  its  in- 
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fluence.  It  had  hitherto  been  asserted  that  the  blood  of  the  right  side 
of  the  heart  was  in  a  notably  different  condition  as  regards  the  amount 
of  sngar  it  contained  from  that  of  the  arterial  system,  an  error  which  I 
discovered  arose  from  the  non-observance  of  certain  precautions  in  the 
mode  of  obtaining  the  blood  for  examination  from  the  respective  parts  of 
the  vascular  system.  Whilst  the  arterial  blood  had  been  collected  during 
life,  it  was  customary  to  collect  that  from  the  right  side  of  the  heart, 
without  any  special  haste,  after  the  destruction  of  the  life  of  the  animal. 
Xhiring  the  period  thus  allowed  to  elapse  between  the  moment  of  death 
and  the  collection  of  the  blood,  an  alteration  occurs  from  the  post  mortem 
production  of  sugar  in  the  liver,  which  causes  the  blood  to  assume  an 
extent  of  saccharine  impregnation  which  does  not  naturally  beloug  to  it 
during  life,  and  which  had  faUed  to  be  recognized  in  its  true  light.  I 
gave  analyses  which  show  that  what  was  formerly  taken  as  representing 
the  natural  condition  of  the  blood  of  the  right  side  of  the  heart  fur- 
nished from  *50  to  *94  per  cent.,  or,  as  it  is  more  convenient  to  state 
it,  5-0  to  9*4  per  1000  of  sugar,  the  blood  from  the  carotid  artery  of  the 
same  animals,  collected  during  life,  having  contained  what  I  described  as 
a  trace  of  sugar.  Other  analyses,  three  in  number,  were  given,  repre- 
senting the  true  condition  of  the  blood  belonging  to  the  right  side  of  the 
heart  during  life,  and  the  results  indicated  from  *47  to  '73  per  1000  as 
the  amount  of  sugar. 

Bernard  has  recently  published  some  communications  entitled  "  Cri- 
tiqnes  exp^rimentales  sur  la  glyc^mie,''  in  the  Comptes  Bendus  de 
FAcad^mie  des  Sciences  de  Paris.  His  statements  are  founded  upon  a 
method  of  analysis  which  is  not  only  strikingly  devoid  of  precision  as  a 
quantitative  analytical  process,  but  in  itself  of  a  nature  calculated  to  give 
rise  to  a  fallacious  result. 

The  process  adopted  by  Bernard  is  as  follows : — ^He  makes  use  of  a 
Fehling's  solution,  titrated  to  render  1  c.  c.  equivalent  to  5  milligrammes 
of  sugar.  He  withdraws  with  a  syringe,  or  collects  as  it  flows  from  the 
vessel  in  a  weighed  porcelain  capsule,  a  determined  quantity — 10,  15,  or 
25  grammes  of  blood.  To  this  he  adds'  an  equal  weight  of  sulphate  of 
soda  in  small  crystab,  with  a  few  drops  of  acetic  add,  and  heats  imme- 
diately over  the  flame  of  a  gas-burner  or  spirit-lamp,  to  coagulate  the 
albuminous  and  colouring  matters.  On  account  of  the  relatively  small 
quantity  of  sugar  to  be  dealt  with,  he  only  uses  for  the  analysis  1  c.  c.  of 
^e  standard  copper  solution.  This  he  heats  in  a  small  glass  flask,  after 
having  added  20  to  25  c.  c.  of  a  fresh  concentrated  solution  of  potash, 
and  drops  into  it  the  liquid  to  be  tested  till  decolorization  is  effected. 
Prom  the  suboxide  remaining  dissolved,  and  the  liquid  being  thus  free 
from  precipitate,  the  attainment  of  the  point  of  decolorization  is  easy  to 
be  perceived.  Observation,  he  says,  has  shown  that  the  relation  of 
volume  of  liquid  yielded  to  weight  of  a  mixture  of  equal  parts  of  blood 
and  sulphate  of  soda  is  ^ ;  in  other  words,  that  50  grms.  of  sulphate  of 
soda  and  of  blood  give  80  c.  c.  of  trial  liquid.     The  estimation  having 
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indicated  bow  much  sugar  each  c  c.  of  this  liquid  contains,  the  data  are 
afforded  for  ascertaining  the  quantity  of  sugar  in  the  volume  corre- 
sponding with,  the  weight  of  blood  analyzed,  and  thence  the  ratio  per 
1000. 

There  are  two  seriously  &ulty  points  about  the  method  as  a  quan- 
titative process  of  analysis. 

The  first  is  the  assumption  that  the  volume  of  the  trial  liquid  cor- 
responds in  c.  c.  with  ^  of  the  weight  in  grms.  of  the  mixture  of  sul- 
phate of  soda  and  blood.  In  reality,  the  actual  relation  between  the 
volume  of  liquid  obtained  and  the  weight  of  the  mixture  employed  must 
vary  in  each  individual  instance  with  the  proporticm  of  solid  matter 
existing  in  the  particular  specimen  of  blood,  and  the  loss  of  liquid  by 
evaporation  from  the  capsule  during  the  process  of  coagulation  by  heat. 
It  may  be  regarded  as  totally  impossible  to  secure  that  the  coagula- 
tion of  the  albuminous  and  colouring  matters  can  be  effected,  in  an 
open  capsule  at  the  high  temperature  necessary,  with  identically  the 
same  loss  by  evaporation  in  each  individual  instance ;  and  as  the  amount 
of  liquid  derivable  from  the  mixture  is  not  large,  a  slight  variaticm 
must  alter  to  a  decided  extent  the  result,  especially  when  it  is  worked 
out  into  the  proportion  in  1000  parts.  With  20  grms.  of  blood  as  the 
quantity  submitted  to  analysis,  any  error  existing  in  the  result  yielded 
becomes  multiplied  50  times  when  the  representation  of  ratio  per  1000 
is  made. 

The  other  point  is,  that  the  process  involves  the  infiuenoe  of  organic 
matter  in  preventing  the  deposition  of  the  suboxide  of  copper.  It  is 
not  the  usual  principle  of  applying  the  test  that  is  appealed  to.  In  the 
ordinary  volumetric  process  of  analysis  with  the  copper  solution,  atten- 
tion is  given  to  the  separation  of  suboxide  till  the  whole  of  the  copper 
has  been  removed  from  the  liquid.  In  Bernard's  process  a  large  addi- 
tion of  potash  is  employed  (20  to  25  c.  c.  of  a  concentrated  solution  to 
1  c.  c.  of  the  copper  test),  the  effect  of  which  is  to  act  upon  some  one  or 
other  organic  principle  left  in  the  liquid  obtained  from  the  blood,  and 
prevent  a  deposit  of  suboxide  occurring.  The  presence  of  the  potash  does 
not  by  its  own  action  interfere  with  the  fall  of  suboxide ;  for  when  the 
process  is  carried  out  upon  a  simple  solution  of  sugar,  the  suboxide  falls 
in  the  usual  way,  whilst  in  the  case  of  the  liquid  obtained  from  the 
blood,  the  removal  of  blue  colour  takes  place  without  any  signs  of  ap- 
pearance of  precipitate.  Without  the  addition  of  the  potash  the  usual 
behaviour  occurs. 

Actual  observation  shows  that  the  results  yielded  by  Bernard's  pro- 
cess are  very  wide  of  those  given  by  a  process  to  be  presently  described, 
which  is  founded  upon  the  precipitation  of  the  suboxide  and  the  subse- 
quent collection  of  the  copper  by  means  of  galvanic  action  upon  a 
cylinder  of  platinum  foil,  as  is  now  extensively  done  in  the  assaying  of 
copper  ores.  This  application  of  the  copper  solution  yields  a  gravimetric 
instead  of  a  volumetric  process  of  analysis.    There  is  nothing  in  it  of  a 
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doabtful  nature.  The  result  being  given  bj  the  balance,  there  is  no  un- 
certainty belonging  to  it,  as  may  be  the  case  to  a  slight  extent  where  the 
gradual  fading  of  colour  has  to  be  watched  and  a  decision  formed  with 
regard  to  the  attainment  of  the  precise  point.  If  the  reduction  of  the 
oxide  of  copper  can  be  safely  turned  to  account  for  effecting  the  quanti- 
tative  determination  of  sugar  (and  analysts  are  agreed  that  it  can),  it  is 
by  such  process  that  the  most  trustworthy  information  is  supplied.  The 
closeness  attainable  in  the  results  of  counterpart  analyses  shows  that  it 
there  is  not  only  susceptible  of  being  carried  out  with  great  precision,  but 
affords  strong  evidence  of  its  reliability.  Compared  with  this  process, 
the  results  yielded  by  that  of  Bernard  present  the  greatest  discordancy. 
The  figures  given  by  Bernard's  method  are  almost  invariably  too  high,  but 
there  is  no  uniformity  in  the  difference  presented.  The  variance,  indeed, 
shows  no  intelligible  relation,  and  suggests  that  there  is  something  fun- 
damentally wrong  in  taking  decolorization,  without  precipitation  of  the 
suboxide,  as  a  means  of  estimating  the  amount  of  sugar.  Subjoined  are 
the  results  of  the  analyses  of  different  specimens  of  blood  in  which  Ber- 
nard's process  has  been  compared  with  my  own.  In  every  case  where 
my  own  process  of  analysis  is  put  into  practice  I  submit  two  samples  of 
the  blood  to  examination,  in  order  that  the  results  may  be  checked,  and 
the  same  plan  was  adopted  in  some  of  the  trials  of  Bernard's  method. 
In  these  instances,  therefore,  we  have  the  results  derived  from  the 
analysis  of  four  separate  samples  of  the  same  blood,  taken  for  examina- 
tion at  the  same  time : — 


Source  of  Blood. 

Sugar  per  1000  parts. 

Gh^Timetric  process. 

Bemard*8  Tolumeirio 
process. 

I.  From  bullock  Idlled  by  Jewish 
method  

fa.    -5891    -588 
\b.     -688)  (mean). 

fa.    -510 1    -499 
t*.     -489 /(mean). 

fa.    -5151    -526 
1*.     -635 /(mean). 

fa.    -6981    -703 
\b.    -709/ (mean). 

/a.  1-0911  1-094 
{b.  1-097 /(mean). 

fa.    -7961    -803 
\b.     -811 /(mean). 

fa.    -6091   -617 
1*.     -526 /(mean). 

fa.  4-990 14-970 
\b.  4-961  /  (mean). 

•975 

fa.    -6091    -624 
\b.     -640/ (mean). 

1-026 

•869 

fa.  1-31111-357 
\b.  1-403/ (mean). 

-800 

-761 

fa.  5-00014-852 
\b.  4706 /(mean). 

n.  From  bullock  IdUed  by  Jewish 
method  

HL  From  buUookkiUed  by  Jewish 
method  

IV.  From  bullock  killed  by  Jewish 
method  

y.  From  bullock  killed  by  pole- 
axe  

VL  From  jugular  vein  of   dog, 
instanUy  after  death 

VJl.  From  sheeD   

VliX  Prom  ease  of  severe  diabetes, 
obtained  by  ouppinffr  -  r  - .  r .  t , 

VVV«.UW     m'J      WM^^UIQ 

The  gravimetric  process  of  analysis  to  which  I  have  referred  consists 
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of  three  stages.  The  blood  is  first  mixed  with  the  sulphate  of  soda  and 
heated  to  separate  the  albuminous  and  colouring  matters ;  the  liquid  ia 
then  separated  and  the  coagulum  well  washed  to  remove  all  the  sugar. 
Boiling  with  an  excess  of  the  copper  solution  is  next  performed,  and  the 
reduced  oxide  afterwards  collected  and  dissolved  by  the  agency  of  an 
acid.  In  this  solution  a  cylinder  of  platinum  foil  is  immersed,  for  the 
purpose  of  receiving  the  copper  removed  by  means  of  galvanic  action. 
Weighing  the  platinum  foil  before  and  after  the  operation  gives  the 
weight  of  the  deposited  copper ;  and  from  this  may  be  calculated  the 
amount  of  sugar  which  has  effected  the  reduction  of  the  cupric  oxide. 
Such  is  an  outline  of  the  process  ;  but  a  special  description  of  the  mani- 
pulation is  required,  as  success  is  dependent  upon  certain  details  being 
closely  followed.  In  the  application  of  the  process  many  difficulties  at 
different  stages  presented  themselves ;  but  it  is  satisfactory  to  be  able  to 
state  thai  they  have  all  been  overcome,  and  there  is  reason  to  believe  that 
no  source  of  fallacy  now  exists  in  any  part  of  the  operation. 

Forty  grms.  of  sulphate  of  soda  in  small  crystals  are  weighed  out  in  a 
beaker  of  about  200  c.  c.  capacity.  About  20  c.  c.  of  the  blood  intended  for 
analysis  are  then  poured  upon  the  crystals,  and  the  beaker  and  its  contents 
again  carefully  weighed.  In  this  way  the  precise  weight  of  the  blood 
taken  is  ascertained.  The  blood  and  crystals  are  well  stirred  together  with 
a  glass  rod,  and  about  30  c.  c.  of  a  hot  concentrated  solution  of  sulphate 
of  soda  added.  The  beaker  is  placed  over  a  flame  guarded  by  wire 
gauze,  and  the  contents  heated  till  a  thoroughly  formed  coagulum  is  seen 
to  be  suspended  in  a  clear  colourless  liquid,  to  attain  which  actual  boil- 
ing for  a  short  time  is  required.  The  liquid  has  now  to  be  separated 
from  the  coagulum,  and  the  latter  washed,  to  remove  all  the  sugar. 
This  is  done  by  first  pouring  off  the  liquid  through  a  piece  of  muslin 
resting  in  a  funnel  into  another  beaker  of  rather  larger  capacity.  Some 
of  the  hot  concentrated  solution  of  sulphate  of  soda  is  then  poured  on 
the  coagulum,  well  stirred  up  with  it,  and  the  whole  thrown  on  the  piece 
of  muslin.  By  squeezing  the  liquid  is  expressed ;  and  to  secure  that  no 
sugar  is  left  behind  the  coagulum  is  returned  to  the  beaker,  and  the  pro- 
cess of  washing  and  squeezing  repeated. 

The  liquid  thus  obtained  may  be  fairly  regarded  as  containing  all  the 
sugar  that  existed  in  the  blood.  From  the  coarse  kind  of  filtration  and 
the  squeezing  employed,  it  is  slightly  turbid,  and  requires  to  be  thoroughly 
boiled  to  prepare  it  for  filtration  through  ordinary  filter-paper.  A  per- 
fectly clear  liquid  freely  runs  through ;  and  to  complete  tiiis  part  of  the 
operation,  the  beaker  in  use  and  the  filter-paper  are  washed  with  the  con- 
centrated solution  of  sulphate  of  soda  before  referred  to. 

The  next  step  is  boiling  with  the  potassio-tartrate  of  copper  test  solu- 
tion. The  liquid  is  again  placed  over  a  flame,  and  brought  to  a  state  of 
ebuUition.  A  sufficient  quantity  of  the  copper  solution  to  leave  some  in 
excess  is  now  poured  in,  and,  from  the  commencement  of  boiling  again, 
brisk  ebullition  is  allowed  to  continue  for  the  full  space  of  one  minute. 
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This  suffices  for  all  the  sugar  to  be  oxidized,  and  accordingly  for  all  the 
required  action  upon  the  copper  solution  to  occur.  There  is  no  risk 
during  this  time  of  spontaneous  change  occurring  in  the  copper  solution ; 
but  observation  has  shown  that  should  boiling  be  continued  for  a 
lengthened  period  (bj  which  1  mean  ten  minutes  or  a  quarter  of  an 
hour)  the  copper  solution  undergoes  alteration,  and  no  longer  possesses 
the  power  of  resisting  spontaneous  reduction.  As  regards  the  amount 
of  copper  solution,  10  c.  c.  of  the  test  of  ordinary  strength  are  found  to 
be  more  than  sufficient  for  20  c.  c.  of  the  blood  of  animals  in  a  natural 
state.  Where  from  any  cause  an  extra  quantity  of  sugar  exists,  more  in 
proportion  of  the  test-solution  is  of  course  required. 

The  precipitated  suboxide  of  copper  has  now  to  be  separated  from  the 
excess  of  copper  solution.  Experience  shows  that  filtration  through 
filter-paper  cannot  be  resorted  to  for  the  purpose.  In  the  first  place,  the 
pores  of  the  paper  tend  to  become  blocked  up  and  filtration  to  be  stopped ; 
and  in  the  next  (and  this  is  a  fatal  objection)  the  paper  absorbs  and  so 
tenaciously  holds  some  of  the  copper  solution  that  it  cannot  be  effec- 
tually washed  out.  A  plug  of  asbestos,  in  a  filter-funnel,  may  be  used 
instead ;  but  it  is  not  always  easy  to  procure  the  asbestos  with  fibres  of 
the  medium  state  of  fineness  to  answer  well  for  speedy  and,  at  the  same 
time,  delicate  filtration.  A  material,  however,  which  has  recently  beeh 
introduced,  viz.  glass-wool,  exactly  furnishes  what  is  wanted.  Properly 
packed  in  the  neck  of  a  funnel,  it  permits  filtration  to  be  effectively  and 
speedily  performed ;  the  state  of  the  filtrate  readily  shows  if  the  plug 
has  not  been  sufficiently  closely  packed  to  keep  the  whole  of  the  precipi- 
tate back. 

Should  the  crystallization  of  the  sulphate  of  soda  in  this  or  the  pre- 
ceding filtration  interfere  with  the  process  of  filtration,  the  funnel  may 
be  lodged  upon  a  beaker  containing  fluid  kept  in  a  state  of  ebullition. 
Through  the  heat  thus  applied,  the  liquid  is  prevented  from  assuming 
a  crystalline  form. 

The  suboxide  having  been  collected  and  washing  with  distilled  water 
performed,  it  is  returned  to  the  beaker  in  which  the  reduction  was  effected, 
to  secure  that  whatever  precipitate  may  have  been  adhering  to  the  sides 
of  the  vessel  is  retained.  The  plug  is  simply  pushed  with  a  glass  rod 
from  the  funnel  inverted  over  the  beaker,  and  the  funnel  washed  and  its 
surface  cleaned  from  all  adhering  precipitate.  We  have  now  the  sub- 
oxide in  a  fit  state  to  dissolve ;  and  until  I  resorted  to  the  use  of  peroxide 
of  hydrogen  to  effect  its  oxidation  a  difficulty  presented  itself  in  this 
part  of  the  operation,  the  precipitate  requiring  an  amount  of  acid  to 
dissolve  it  which  interfered  with  the  subsequent  deposition  of  copper  by 
galvanic  action.  After  the  addition  of  a  few  drops  of  peroxide  of  hydro- 
gen, a  very  small  quantity  of  nitric  acid  (a  few  drops  only)  is  sufficient 
to  lead  to  instantaneous  solution ;  and  after  boiling  to  decompose  the  ex- 
cess of  peroxide  of  hydrogen,  the  contents  of  the  beaker,  consisting  of 
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the  filter-plug  and  dissolved  precipitate,  are  poured  into  a  funnel  con- 
taining a  loose  plug,  to  obtain  the  liquid  in  a  separate  form.  The 
requisite  washing  with  distilled  water  having  been  performed,  there  only 
remains  the  final  stage  of  the  process  to  be  conducted. 

The  liquid  to  be  now  dealt  with  contains  the  copper  in  the  form  of 
nitrate,  which  experiment  has  shown  to  be  the  most  suitable  for  yielding 
a  pure  metallic  deposit  by  galvanic  action.  For  the  purpose  of  col- 
lecting the  deposit,  a  cylinder  of  platinum  foil  soldered  to  a  platinum 
wire,  for  hooking  on  to  the  negative  pole  of  the  battery,  is  employed. 
This  is  immersed  in  the  liquid  so  as  nearly  to  touch  the  bottom  of  the 
vessel,  and  inserted  within  it  is  a  spiral  coil  of  platinum  wire,  made  to 
form  the  positive  pole  of  the  battery.  In  order  to  secure  a  good  con- 
tinuous connexion,  the  platinimi  spiral  is  closely  bound  to  the  copper 
conducting-wire  of  the  battery,  and  the  other  pole  is  provided  with  a 
platinum  hook,  for  the  suspension  of  the  cylinder.  This  precaution  has 
been  found  necessary  from  the  ready  manner  in  which  copper  exposed 
ends  become  oxidized  and  rendered  imperfect  conductors  by  the  oxygen 
escaping  from  the  liquid  underneath.  It  may  be  also  mentioned  that  the 
platinum  spiral,  after  several  .days'  use,  presents  a  bro\iii  surface,  and 
requires  to  be  occasionally  cleaned  bj  immersion  iu  hydrochloric  acid. 
In  the  case  of  an  analysis  of  blood  containing  an  ordinary  amount  of 
sugar,  and  therefore  yielding  a  limited  amount  of  copper  to  be  deposited, 
twenty-four  hours  have  been  usually  found  to  thoroughly  suffice  for  com- 
plete removal  to  occur :  but  it  is  necessary  that  there  should  be  no  uncer- 
tainty upon  this  point ;  and  to  provide  against  this  the  liquid  must  be 
tested  before  the  operation  is  regarded  as  finished.  A  small  quantity  is 
taken  from  the  bottom  of  the  vessel  by  means  of  a  pipette,  and  a  little 
ammonia  added  to  it  in  a  test-tube.  Should  a  decided  blue  colour  be 
produced  it  should  be  returned  to  the  vessel ;  should  no  blue  colour  be 
perceptible  the  testing  must  be  carried  further.  Acetic  acid  is  added  in 
excess  to  the  contents  of  the  test-tube  to  supersaturate  the  ammonia, 
and  then  a  small  quantity  of  a  solution  of  yellow  prussiate  of  potash 
dropped  in.  In  the  absence  of  copper,  nothing  but  the  faint  yellow 
colour  of  the  test  is  perceptible ;  but  with  the  presence  of  copper  a 
brownish  hue  is  produced,  and  the  galvanic  action  must  be  carried  on 
till,  on  testing,  this  is  no  longer  brought  out.  When  it  is  thus  found 
that  the  whole  of  the  copper  has  been  thrown  down,  the  cylinder  is 
lifted  quickly  out  of  the  liquid  and  instantly  plunged,  first  into  distilled 
water  and  then  into  spirit.  After  drying  in  a  water-oven,  it  is  ready  for 
weighing,  and  it  need  hardly  be  said  that  a  delicate  balance  is  required 
for  the  purpose.  The  weight  of  the  cylinder  before  and  after  the  opera- 
tion indicates  the  amount  of  copper  deposited. 

The  galvanic  action  requires  to  be  steadily  and  continuously  main- 
tained, and  a  modification  of  Fuller's  mercury-bichromate  battery  has 
been  found  to  be  highly  suitable  for  use.    The  arrangement  that  has  been 
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employed  in  my  experiments  consists  of  an  outer  cell  charged  with  bi- 
chromate of  potash  dissolved  to  saturation  in  dilute  sulphuric  acid.  In 
this  two  carbon  plates  are  immersed.  The  inner  porous  cell  contains  a 
little  mercury  at  the  bottom,  but  is  otherwise  filled  up  with  water.  An 
amalgamated  zinc  rod  is  inserted,  and  dips  down  into  the  layer  of  mer- 
cury. This  battery,  it  is  found,  gives  a  steady  current,  and,  used  every 
day,  win  remain  in  good  working  order  for  at  least  a  fortnight,  all  that 
is  necessary  being  to  pour  out  the  liquid  in  the  porous  cell  when  it  has 
become  green  from  reduction  of  the  diffused  bichromate  solution  and 
replace  it  with  water.  Attention  is  of  course  necessary  to  secure  that 
the  proper  battery-power  exists  to  effect  the  deposition  of  the  copper ; 
and  when  the  current  becomes  weak  the  zinc  rod  must  be  cleaned  and  the 
bichromate  of  potash  solution  replenished. 

The  relation  existing  between  sugar  oxidized  and  cupric  oxide  of  the 
copper  test  solution  reduced  is,  that  one  atom  of  the  former  reduces  five 
atoms  of  the  latter.  This  is  the  foundation  upon  which  the  action  of  the 
test  is  based,  and  the  calculation  made  in  estimating  by  its  agency  the 
amoimt  of  sugar  present.  Taking  63*4  as  the  atomic  weight  of  copper, 
and  180  as  that  of  glucose  (C^'H.^fi^),  317  parts  of  copper  will  stand 
equivalent  to  180  parts  of  glucose.  Thus  one  part  of  copper  corresponds 
to  '5678  of  glucose ;  and  in  calculating  the  amount  of  sugar  in  the  blood 
analyzed,  the  weight  of  the  copper  deposited  has  only  to  be  multiplied  by 
•5678  to  give  its  equivalent  in  glucose.  The  quantity  of  sugar  in  the 
amount  of  blood  taken  for  analysis  being  thus  determined,  the  data  are 
furnished  by  which  the  proportion  per  1000  parts  may  be  ascertained. 

I  have  entered  thus  minutely  into  the  description  of  the  gravimetric 
process  of  estimating  sugar,  as  I  feel  that  it  supplies  a  new  mode  of  in- 
vestigation which  is  calculated  to  materially  advance  oui'  position  with 
reference  to  the  physiological  relations  of  sugar  in  the  animal  system. 
It  has  hitherto  always  seemed  to  me  that  in  giving  numerical  represen- 
tations of  minute  quantities  of  sugar  they  could  only  be  regarded  as 
approximate  results.  Now,  however,  sufficient  precision  is  attainable  to 
enable  minute  differences  to  be  ascertained  with  the  requisite  certainty 
for  definite  physiological  conclusions  to  be  drawn. 

In  a  further  communication,  to  be  presented  for  the  next  meeting  of 
the  Society,  I  propose  to  give  the  results  I  have  already  obtained  bearing 
on  (1)  the  natural  state  of  the  blood;  (2)  the  comparative  states  of 
arterial  and  venous  blood ;  and  (3)  the  spontaneous  change  ensuing  after 
the  removal  of  blood  from  the  system. 


22 
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VI.  "  Correction  of  Statement  in  the  '  Note  on  the  Electromotive 
Properties  of  Muscle/  read  Decemiber  14, 1876/'  In  a  Letter 
to  Prof.  Huxley,  by  Dr.  Bubdon  Sanderson,  F.R.S.  Re- 
ceived June  14,  1877. 

Deab  Sib, — ^In  a  short  Note  which  I  communicated  to  the  Sojal 
Societj  in  December  last  I  gave  an  account  of  certain  observations  relating 
to  the  electromotive  phenomena  of  the  uninjured  gastrocnemius  muscle 
of  the  frog.  In  commenting  on  these  results  I  was  led,  I  need  not  say 
unintentionally,  to  make  a  serious  misstatement  of  the  doctrine  taught 
by  Prof,  du  Bois-Eeymond  with  reference  to  these  phenomena.  After 
comparing  the  electromotive  properties  of  the  muscle-cylinder  derived 
from  the  gastrocnemius  with  those  of  the  typical  muscle-cylinder,  as  set 
forth  in  the  "  Law  of  the  Muscle-current,"  I  stated  that  the  phenomena, 
as  they  actually  present  themselves,  had  not  been  correctly  described.  It 
is  this  statement  that  I  desire  to  correct. 

Shortly  after  the  publication  of  my  "  Note  "  the  magnificent  collection 
of  scientific  papers*  in  which  Prof,  du  Bois-Beymond  has  brought 
together  his  electrophysiological  researches  appeared.  The  work  had  not 
long  been  in  my  possession  before  I  became  much  more  strongly  impressed 
than  I  had  been  before  with  the  extent  and  completeness  of  the  investi- 
gations to  which  he  has  devoted  the  last  thirty-five  years.  My  attention 
was  particularly  directed  to  the  paper,  No.  XVII.  of  the  series,  "  Ueber 
das  Oesetz  des  Muskelstromes  mit  besonderer  Beriicksichtigung  des  M. 
Gastrocnemius  vom  Frosch."  In  this  very  important  research,  with  which, 
although  it  was  originally  published  in  1863, 1  was,  I  regret  to  say,  only 
acquainted  at^  second  hand,  Du  Bois-Beymond  not  only  recognized  the 
electromotive  anomalies  of  the  gastrocnemius,  but  explained  them  in  the 
most  elaborate  manner  as  dependent  on  its  peculiarities  of  structure. 

I  at  once  became  aware  of  the  mistake  I  had  made,  and  recognized  the 
necessity  of  correcting  it ;  but  determined  to  defer  doing  so  until  I  was 
in  a  position  to  communicate  further  observations  on  the  collateral  ques- 
tion with  which  I  was  more  particularly  concerned.  As,  however,  Prof, 
du  Bois-Beymond,  in  a  letter  just  received,  has  expressed  his  wish  that 
the  misrepresentation  of  his  views,  for  which  I  have  so  unwillingly  made 
myself  responsible,  should  be  corrected  as  soon  as  possible,  I  writo  you 
this  letter  in  the  hope  that  the  Society  may  allow  it  to  be  printed  in  the 
'  Proceedings.'  Tou  will  see  that  my  communication  relates,  not  to  the 
facts  recorded,  but  exclusively  to  the  views  expressed  as  to  their  supposed 
inconsistency  with  the  "  Law." 

I  may.  in  conclusion,  add  that  any  reader  who  may  desire  to  become 
acquainted  with  Prof,  du  Bois-Beymond's  explanation  of  the  electromo- 

*  *  G^esammelte  Abhandlungen  zur  aUgemeinen  Muskel-  and  Nerrenphjnik/  von  E. 
du  Bois-Bejniond,  Bd.  ii.,. Leipzig,  1877. 
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tive  phenomena  of  the  gastrocnemius  muscle,  as  based  on  the  researches 
I  have  just  referred  to,  will  find  it  succinctly  given  in  an  admirable  little 
work  just  published  by  Prof.  Bosenthal,  in  the  "  International  Scientific 
Series"  ('AllgemeinePhysiologiederMuskel  und  Nerven*),  pp.  195-197. 
He  will  thereby  be  able  to  satisfy  himself  that  that  explanation  covers 
many  of  the  facts  to  which  I  directed  attention  in  my  "  Note." 

I  am,  my  dear  Sir, 

Tours  faithfully, 

J.  B.  SAia>£S80N. 

Prof.  Huxley,  Sec.  EJS. 


VII.  ''  Photographic  Image  of  Stratified  Discharges.^'  A  Letter 
to  Prof.  Stokes,  Sec.  R.S.,  by  W.  Spottiswoode,  M.A., 
Treas.  E.S.    Received  June  2,  1877. 

41  Qroirenor  Place, 
June  2.  1877. 

Mt  Deab  Stokes, — I  am  sure  that  you  will  be  interested  to  hear  that 
Capt.  Abney  yesterday  succeeded  in  photographing  some  of  the  pheno- 
mena which  I  had  observed  last  year  with  a  revolving  mirror,  and 'which 
are  described  in  my  paper  "  On  Stratified  Discharges,  III."  (Proceedings 
of  the  Boyal  Society,  yol.  xrv.  p.  73).  The  success  of  the  operation  was 
due  mainly  to  his  skill,  but  partly  also  to  the  great  brilliancy  and  long 
duration  of  the  discharges  from  my  large  induction-coil,  described  in  the 
*  Phil.  Mag.*  for  February  last. 

The  tube  used  on  this  occasion  was  a  small  hydrogen-tube  of  conical 
form,  the  effect  of  which,  as  seen  in  a  revolving  mirror,  is  represented  in 
fig.  3  of  the  paper  above  quoted.  The  photographic  image  was  obtained, 
not  by  the  use  of  a  mirror,  but  by  moving  the  sensitive  plate  across  the 
field  of  view  during  the  continuance  of  the  discharge.  In  this  the  first 
result,  the  position  of  the  strisD,  their  proper  motion,  their  grouping  in 
pairs  of  different  actinic  power,  and  consequently  of  colour  (a  phenomenon 
well  known  in  hydrogen  tubes),  are  distinctly  developed.  Other  features, 
of  which  I  reserve  the  description,  are  also  noticeable. 

I  hope  on  some  future  occasion  to  make  a  fuller  communication  upon 
the  subject  to  the  Boyal  Society ;  but  in  the  mean  time,  if  you  think  the 
matter  of  sufficient  interest,  I  shall  be  much  obliged  by  your  offering  this 
as  a  Preliminary  Note. 

Believe  me, 

Tours  very  sincerely, 

W.  Spottiswoode. 
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VIII.  '^  On  the  Length  of  the  Spark  between  two  Spherical  Sur- 
faces of  the  Chi  oride-of- Silver  Battery/'  By  Warren  Db  La 
Rue,  M.A.,  D.C.L.,  F.R.S.,  and  Hugo  W.  Muller,  Ph.D., 
P.R.S.     Received  June  14,  1877. 

In  anticipation  of  a  detailed  account  of  oar  researches  in  voltaic  elec- 
tricity, which  have  engaged  our  attention  for  nearly  three  years,  we  ven- 
ture to  publish,  as  of  interest  to  the  electrician,  an  account  of  the  results 
obtained  with  two  spherical  surfaces  of  3  inches  radius  and  1*5  inch 
diameter.  It  will  be  seen  that  they  differ  materially  from  those  which 
occur  from  the  employment  of  a  point  for  one  terminal  and  a  flat  disk  for 
the  other,  with  which  the  striking-distance  is  in  the  ratio  of  the  square 
of  the  number  of  cells  up  to  8040,  as  has  already  been  stated  to  be  the 
case  up  to  2400  cells  (Proc.  Roy.  Soc.  no.  166, 1876). 

The  Ag  CI  cell  is  taken  as  equal  to  1*03  volt  in  the  calculations  from 
which  the  following  numbers  are  derived : — 


Difference  of 
potential 
inTolts. 

Length  of  spark  in 
air  at  the  atmo- 
■pherio  preeaure. 

in 

250 
600 
750 

0-001001 

0-00225 

0-00350 

Additional  len^h  of  spark  for 
1000  additional  Tolts. 


1000  0-004821 

1500  000820; 

2000  0012331 

2500  0-01700/ 

3000  0-022001 

3500  0-02700; 

4000 
4500 


0032251 
0-03775; 

6000        0-043251 

5500        0-O4900; 

6000        0O54601 

6500        0-06070; 

7000   0O66501 

7500   0-07250 

8000   0-07850 


between  0  and  1000 

„  1000  „  2000 

.,  2000  „  3000 

.,  3000  „  4000 

„  4000  „  6000 

„  5000  „  6000 

„  6000  „  7000 

.   „  7000  „  8000 


in. 
000482 

0-00751 
000967 
001025 
OOllOO 
001135 
001190 

001200 


It  is  evident  that,  for  small  distances  between  the  terminals,  a  higher 
difference  of  potential  is  necessary  to  cause  the  spark  to  jump  than 
when  they  are  at  greater  distance.  This  agrees  with  Sir  William  Thom- 
son's experience. 

We  avail  ourselves  of  this  opportunity  to  state  that,  when  obserred 
with  the  microscope,  the  voltaic  arc,  at  ordinary  atmospheric  pressures,  is 
seen  to  be  stratified,  though  with  some  difficulty. 
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Also  that  the  origin  of  all  strata  in  exhausted  tubes  is  at  the  positive 
pole.  At  certain  pressures  there  is  only  one  stratum,  then,  as  the  pres- 
sure is  diminished,  two,  three,  and  so  on,  each  being  added  on  from  the 
positive  pole.  We  succeed  easily  in  obtaining  photographs  of  the  phe- 
nomena, as  the  strata  can  generally  be  made  to  remain  stationary  for  some 
time.  Several  of  the  photographs  are  in  the  hands  of  the  engraver  to  be 
copied,  and  we  hope  to  be  able  to  show  the  history  of  several  tubes  in  a 
communication  we  are  now  drawing  up. 


June  21,  1877. 

Sir  JOSEPH  HOOKER,  C.B.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  Sight  Hon.  John  Duke  Lord  Coleridge  and  Dr.  Thomas  Eichard 
Fraser  were  admitted  into  the  Society. 

The  President  announced  that  Section  V.  Chapter  III.  of  the  Statutes, 
under  which  a  Fellow  whose  paper  had  been  printed  in  the  Philosophical 
Transactions  could  claim  to  pay,  in  lieu  of  the  annual  contribution,  a 
Life  Composition  of  X40  instead  of  £60,  had  been  repealed  by  the 
Council. 

The  following  Papers  were  read : — 

I.  ''  On  the  Normal  Paraffins."   Part  II.— By  C.  S.  Schorlemmeb, 
F.R.S.,  Professor  of  Organic  Chemistry  in  Owens  College, 
Manchester.     Received  June  5,  1877. 
(Abstract.) 

In  the  first  paper  of  this  subject  it  was  shown  that  by  the  action  of 
chlorine  on  a  normal  paraffin  a  primary  chloride  and  a  secondary  one  of 

the  general  formula     "^^^  [  CHCl  are  formed  simultaneously*.     It 

appeared  of  interest  also  to  examine  the  action  of  bromine  on  the 
paraffins.    The  present  paper  contains  the  first  results  of  this  research. 

I.  Nonnal  Hexane. — ^When  bromine  vapour  is  passed  into  the  vapour 
of  the  boiling  hydrocarbon,  in  the  daylight,  its  colour  disappears  quickly 
and  substitution  products  are  formed  which  are  partly  decomposed  by 
distillation.     The  portion  distilling  without  decomposition  consists  of  a 

♦  PhU.  Tran».  vol.  162,  pwt  i.  p.  111. 
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hexyl  bromide,  which  was  converted  into  the  acetate  and  the  alcohol.  The 
latter  yielded  on  oxidation  acetic  add  and  normal  butyric  acid^  showing 
that  it  is  mdhylhutyl  earbinol.  The  boiling-points  of  the  different  com- 
pounds are  as  follows  : — 

Formula.  Botling-point 

Bromide  ^1§»  1  CHBr  143°-145« 

Acetate    ^}J»  |  CH .  OC,H,0      146°-150« 

Alcohol    ^JJ'ICH.OH  136^-140° 

II,  Normal  Heptane  yielded  the  following  products : — 

Bromide ^(^»  |  CHBr  165M6r 

Acetate   ^^^^  1  CH .  OC^O      169^-171° 

Alcohol   ^^^»  1  CH .  OH  155^-167° 

The  heptyl  alcohol  is  methylpentyl  earbinol,  because  on  oxidation  it 
was  resolved  into  acetic  acid  and  normal  pentylic  add. 

As  result  of  this  investigation  it  appears  that  by  the  action  of  bromine 

on  normal  paraffins  only  secondary  bromides  of  the  general  formula 

C  11        1 
*   grx*  [  CHBr  are  formed,  but  not  a  trace  of  a  primary  bromide,  or 

that  the  methyl  groups  which  are  present  in  these  hydrocarbons,  and 
which  are  readily  attacked  by  chlorine,  are  not  touched  by  bromine 
at  all. 

In  addition  to  the.  secondary  bromides  other  products  are  formed 
which,  on  distillation,  decompose  either  completely  or  are  resolved  into 
hydrobromic  acid  and  non-saturated  hydrocarbons,  which  are  probably 
olefines.  By  continuing  this  research  I  hope  to  ascertain  the  nature  of 
these  non- volatile  products. 


II.   ''The  Relationships  of  the  Nerve-cells  of  the  Cortex  to 

the  Lymphatic  System  of  the  Brain.'-'     By  Bevan  Lewis^ 

F.R.M.S.,  Assistant  Medical   Officer    at    the  West  Riding 

Asylum.    Communicated  by  Dr.  Ferrier,  F.R.S.     Received 

June  8,  1877. 

[Plates  1  &  2.] 

The  great  importance  attached  to  an  accurate  appredation  of  the  re- 
lationships existing  between  the  nerve-cells  and  the  lymphatic  and 
vascular  systems  in  the  brain  cortex  will  be  recognized  by  all  who  are 
engaged  upon  investigations   in  cerebral  pathology,  and  cannot  be  well 
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oTerestimated.  These  anatomical  relationships  have  had  great  attention 
bestowed  upon  them  by  continental  histologists,  and  more  especially 
those  of  the  German  school.  Amongst  the  more  important  subjects  in 
which  their  acumen  has  served  to  enlighten  us  we  may  take,  as  an  illus- 
tration, the  demonstration  of  the  intimate  connexion  existing  between 
the  lymph-sacs  and  perivascular  channels  of  the  brain,  and  the  success- 
ful injection  of  the  former  by  Obersteiner*.  Although  several  years 
have  elapsed  since  the  publication  of  Obersteiner's  views,  the  accuracy 
of  his  statements  has  not  received  that  appreciation  and  acknowledg- 
ment by  English  observers  which  the  importajice  of  the  subject  impera- 
tively demands,  nor  does  it  appear  that  a  critical  examination  of  these 
^^pericellular  spaces"  has  been  instituted  with  the  object  of  finally 
setting  the  question  at  rest. 

In  hia  work  on  this  subject  Obersteiner^s  views  are  expressed  so 
clearly,  and  the  illustrations  are  so  definite,  that  little  doubt  as  to  their 
accuracy  can,  I  think,  remain  on  the  mind  of  the  unprejudiced  reader. 

That  his  views  have  not  been  generally  accepted  amongst  us,  I  infer 
from  the  frequent  confusion  traceable  in  the  writings  of  many  patho- 
logists in  this  country  with  regard  to  the  relationships  of  the  nerve-cells 
of  the  cerebral  cortex  to  theimmedia  te  environment,  from  the  dubious- 
ness expressed  by  others  as  to  the  nature  of  these  spaces  when  observed 
by  them,  and,  finally,  to  the  error  committed  by  others  of  referring  them 
to  an  entirely  different  source  to  that  which  Obersteiner  claims  for  them. 

These  are  the  reasons  which  have  induced  me  to  describe  my  own 
investigations  on  the  subject  and  state  my  opinion,  which,  on  most 
points,  is  strictly  in  conformity  with  that  of  the  German  observer — full 
opportunities  having  been  afforded  me  for  confirming  his  statements 
and  gauging  their  value  in  pathological  researches. 

Existence  of  Pericellular  Lymph-sacs  in  the  Brain. 

My  attention  was  first  attracted  to  the  significance  of  these  spaces  by 
(a)  the  prevalence,  in  certain  morbid  conditions,  of  numerous  nuclei 
arranged  in  definite  directions  around  the  nerve-cells,  (b)  the  presence 
of  undoubted  lymph-corpuscles  in  clear  spaces  around  the  cell,  and  (c) 
the  appearance  of  pericellular  spaces  in  healthy  brain  occasionally  where 
the  cells  appeared  perfectly  normal  and  certainly  not  atrophic. 

The  arrangement  of  nuclei,  above  alluded  to,  is  at  times  most  striking, 
and  is  especially  well  seen  in  the  larger  nerve-cells  of  the  third  layer  and 
the  still  larger  cells  found  at  a  lower  level  in  the  ascending  frontal  and 
ascending  parietal  convolutions  of  man,  which  have  been  termed  giant 
cells.  These  cells  are  undoubtedly  nonnal  constituents  of  the  cortical 
layers,  and  to  a  great  extent  constant  elements  in  these  regions.  I 
have  represented  one  of  these  great  nerve-cells  in  Plate  2.  ^g.  4.    To 

*  "  Ueber  einige  Lympbraume  im  Gchirne  *'  (Sitzb.  d.  k.  Akad.  d.  Wieaensch.  1  Abth., 
Jan..Hea,  1870). 
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appreciate  the  significance  of  this  arrangement  of  nuclei  around  these 
cells  it  will  be  necessary  shortly  to  consider  the  actual  cell-elements 
which  enter  into  the  formation  of  the  non-nervous  portion  of  the 
neuroglia.  These  elements  are  usually  stated  to  consist  of  tree  nuclei 
and  distinct  nucleated  cells.  The  nuclei  of  the  latter  are  said  by  Meynert/ 
to  have  a  diameter  of  9— lO/i  (s*009  to  '010  millim.),  a  measurement 
which  coincides  with  my  own.  I  find  these  last-mentioned  cells  possess 
an  extremely  delicate  protoplasm,  so  readily  affected  by  reagents  that  it 
is  easily  altered  in  appearance  or  entirely  masked  from  view.  Within 
these  cells  two  nuclei  are  frequently  seen.  These  cells,  in  certain  morbid 
conditions,  proliferate  freely,  and  throw  out  delicate  and  anastomosing 
branches  in  all  directions,  assuming  the  form  of  *'  Deiter's  cells."  They 
are  undoubtedly  connective  elements,  and  by  this  morbid  proliferation 
they  produce  a  true  sclerosis  of  the  cortex ;  such  a  condition  is  deli- 
neated in  Plate  2.  fig.  5.  This  morbid  growth  of  the  nucleated  cell  in  the 
neuroglia  is  alluded  to  by  Meynert  as  bearing  a  relationship  to  arrest  in 
the  discharge  of  the  perivascular  lymph,  as  would  occur  in  hyperemia 
and  abo  in  degeneration  of  the  lymphatic  glands  of  the  head  and  neck. 
I  have  myself  frequently  observed  these  changes  in  tuberculosis  and 
senile  atrophy  of  the  brain.  It  must  be  borne  in  mind  that  such  a  growth 
must  still  further  impede  the  curcent  in  the  perivascular  channels  by  the 
intertwining  of  their  numerous  branches  around  the  walls  of  the  delicate 
capillaries  of  the  cortex. 

It  is  important  that  a  distinction  be  drawn  clearly  between  these  cells 
and  the  other  nuclear  elements  referred  to.  These,  the  so-called  free 
nuclei,  are  not  in  reality  free  nuclei ;  for  when  examined  carefuUy  in  the 
fresh  state  they  are  found  to  have  a  slight  delicate  investment  of  proto- 
plasm, which  becomes  quite  destroyed  by  subsequent  methods  of  pre- 
paration. These  nucleus-like  bodies  resemble,  as  regards  sise,  form, 
structure,  and  reaction  to  staining  and  chemical  reagents,  those  which 
are  foimd  universally  scattered  through  the  brain,  and  which  most 
observers,  I  believe,  accept  as  representatives  of  the  connective-tissue 
series.  Now  these  elements  appear  to  me  to  be  disposed  in  three 
definite  situations  : — a,  irregularly  in  the  neuroglia  framework ;  ft,  re- 
gularly around  the  nerve-cells;  c,  foUowing  directly  the  course  of 
capillaries. 

In  the  two  last  positions  they  are  connected  with  the  lymph-walls 
surrounding  the  blood-vessels  and  nerve-cells,  and  I  am  disposed  to  re- 
gard them  as  endothelial  elements  lining  these  channels.  The  spindle- 
cell  of  the  deepest  cortical  layer  in  the  frontal  region  appears  to  be 
especially  prone  to  the  growth  of  these  attendant  satellites,  which  accu- 
mulate occasionally  in  such  numbers  as  to  form  superincumbent  heaps, 
almost  concealing  the  nerve-cell  from  view. 

Frequently  the  capillary  is  so  faintly  stained  that  we  can  trace  its 
•  Strioker'8  •  Histology*  (Sydenham  Society),  vol.  ii. 
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coarse  alone  by  the  line  of  nuclei  running  parallel  to  its  wall,  and  within 
which  the  elongated  nucleus  proper  to  the  vascular  coat  becomes  now 
and  again  apparent. 

Identical  as  these  nuclear  bodies  are  in  appearance  their  site  pro- 
bably betokens  far  different  functional  endowments  appertaining  to 
each,  the  extrayascular  being  truly  connective,  whilst  those  lining  the 
lymphatic  channels  develop  into  lymph-corpuscles,  and  correspond,  in 
&ct,  to  lymphatic  endothelia.  These  connective  and  endothelial  elements 
having  a  separate  and  wholly  distinct  destiny,  also  differ  inter  ««  in  re- 
lative number  and  distribution,  the  connective  elements  being,  in  con- 
ditions of  health,  a  constant  element,  the  endothelial  subject  to  diverse 
physiological  influences,  by  which  their  appearance  and  proportions  may 
be  greatly  modified.  The  recognition  of  these  connective  and  endothelial 
elements,  and  the  varying  conditions  imposed  upon  them  by  their  distinct 
functional  endowments,  is  of  essential  importance  when  we  are  dealing 
with  the  morbid  brain. 

Purther  examination  sufficed  to  prove  that  this  arrangement  of  nuclei 
regularly  around  the  nerve-cell  in  the  human  subject,  in  which  epilepsy 
and  other  morbid  affections  were  present  before  death,  was  a  condition 
frequently  met  with  in  the  lower  animals  as  apparently  a  perfectly 
normal  state,  and  the  brain  of  the  healthy  cat  afforded  peculiarly  favour- 
able opportunities  for  studying  their  distribution  and  significance. 

Here  it  was  most  satisfactorily  demonstrated  to  my  mind  that  the 
pericellular  nuclei  were  arranged  along  the  boundary  of  a  perfectly  clear 
space.  This  space  completely  enclosed  the  nerve-cell  and  gradually 
tapered  off  and  disappeared  towards  the  apex  process  of  the  pyramids. 
The  remaining  processes  (lateral  and  basal)  of  the  nerve-cell  cross  the 
intermediate  space,  passing  through  the  boundary  wall  of  the  enclosing 
sac,  the  cell  being  in  reality  suspended  by  its  branches  within  this  peri- 
cellular cavity.  The  appearance  of  these  spaces  will  be  greatly  modified 
by  the  method  of  preparation  adopted,  the  thinness  of  the  section,  and 
various  physiological  and  pathological  conditions  existing  before  death. 

On  reference  to  t^e  sketch  (Plate  1.  fig.  1)  which  represents  the  ascend- 
ing frontal  convolution  in  a  young  cat,  the  section  being  taken  from  the 
gyrus  immediately  in  front  of  the  crucial  sulcus,  we  find  four  nerve-cells 
surrounded  by  these  clear  spaces  which,  in  this  case,  are  widely  distended. 
One  of  these  pericellular  sacs  abo  exhibits  the  arrangement  of  nuclear 
elements  above  alluded  to.  In  most  cases  the  outline  of  the  cell  is  closely 
followed  by  the  enclosing  sac,  and  from  this  cause  the  form  of  the  peri- 
cellular sac  is  subject  to  great  diversity  of  contour. 

Becent  examination  of  the  cerebral  cortex  in  sections  cut  on  the  freez- 
ing microtome  has  assured  me  that  the  nerve-cells  of  the  middle  layers 
of  the  cortex  are  subject  to  no  definite  rule  as  regards  their  form.  The 
pyramidal  form  was  too  exclusively  supposed  by  Meynert  to  be  due  to  the 
action  of   hardening  agents,  and  he  certainly  erred  in  assuming  the 
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spindle  form  to  be  the  natural  and  most  prevalent.  The  fact  seems  to 
be  that  the  forms  are  too  protean  for  any  such  exclusive  statement  to  be 
scientifically  accurate.  The  fusiform  cell  is  frequently  seen  in  the  third 
layer,  the  pyramidal  is  also  frequent  in  fresh  specimens,  others  are  pyri- 
form,  ovate,  globose,  or  even  so  indefinite  as  to  warrant  the  term 
amo&biform. 

It  will  thus  be  apparent  that  the  lymph-space  surrounding  the  cell 
must  differ  greatly  in  its  contour.  In  some  cases  the  lymph-sac  is  not 
apparent,  although  its  endothelial  elements  may  indicate  its  existence ; 
this,  in  all  cases,  I  believe,  is  due  to  the  mode  of  preparation,  or  to  patho- 
logical changes  (probably,  also,  certain  physiological  conditions)  not  yet 
satisfactorily  investigated.  Within  these  spaces  we  can  frequently 
detect  the  corpuscular  elements  of  the  lymphatic  system,  whilst  a 
faintly  granular  plasma  remains  as  the  representative  of  the  coagu- 
lated lymph. '  The  boundary  wall  of  these  spaces  varies  much  in  appear- 
ance, according  to  the  character  assumed  by  the  surrounding  matrix  of 
neuroglia.  The  more  finely  granular  the  appearance  of  the  neuroglia 
the  less  perfectly  can  the  wall  of  the  pericellular  space  be  differentiated 
from  its  environment,  the  minutest  fibrils  of  connective  and  nerve  inter- 
mingled in  the  finely  granular  basis  approaching  to  the  clearly  defined 
margin  of  the  space,  and  no  distinct  limiting  membrane  being  observable. 
In  all  probability  these  spaces  are  lined  merely  with  a  delicate  endothelial 
investment.  In  cases  where  great  shrinking  of  structure  has  occurred 
by  the  use  of  strong  solutions  of  chromic  acid  and  subsequent  methods 
of  preparation,  I  have  observed  much  distortion  occur,  whereby  the  cell 
is  laterally  displaced,  or  even  partially  withdrawn  from  it^  enclosing  sac. 
The  next  stage  in  my  observations  was  arrived  at  by  the  discovery  that 
a  minute  blood-vessel  invariably  ran  in  close  contact  with  all  the  large 
nerve-cells.  In  some  cases  the  elongated  nuclei  of  the  capillary  might 
not  have  been  sufficiently  stained  and  the  outline  of  the  vessel  not  dis- 
tinct, yet  the  line  of  perivascular  endothelial  elements  would  unmis- 
takably indicate  its  course,  except  where  the  vessel  had  been  cut  across, 
when  the  open  lumen  surrounded  by  its  perivascular  sheath,  often  with 
one  or  more  nuclei  attached,  still  indicated  the  close  proximity  of  the 
vessel  to  a  nerve-cell. 

In  all  cases  I  have  never  failed  to  recognize,  on  careful  examination, 
a  smaU  capiUary  either  passing  immediately  across  the  nerve-cell  or 
running  with  a  gentle  curve  along  the  confines  of  the  pericellular  space. 
The  invariable  occurrence  of  this  arrangement  naturally  struck  my  at- 
tention as  a  highly  significant  fact,  and  more  extensive  observations 
proved  it  to  be  the  universal  arrangement  throughout  the  cortex  cerebri. 
In  many  instances  a  distinct  connexion  between  perivascular  and  peri- 
cellular space  could  be  clearly  observed,  although  from  obvious  reasons 
the  majority  of  sx)ecimens  exhibited  this  connexion  only  after  the  most 
careful  and  strict  scrutiny,  or  afforded,  on  the  other  baud,  no  definite 
indications  of  its  existence. 
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The  foct,  however,  of  a  direct  communication  existing  between  these 
spaces  is  established  when  seen  clearly  and  unmistakably  in  a  single 
instance.  In  the  accompanying  sketch  (Plate  1.  fig.  1)  such  a  connexion 
is  well  shown,  and  I  can  fully  youch  for  the  accuracy  of  the  minutest 
details  here  portrayed. 

With  regard  to  the  mode  of  connexion  it  must  be  remembered  that  the 
pericellular  sacs  are  laterally  disposed  along  the  sides  of  the  smaller 
capillaries,  and  in  no  case  occupy  a  terminal  position ;  hence  the  nerve- 
ceU  is  bathed  in  a  constantly  renewed  current  of  lymph  on  all  its  sides. 
Does  this  distribution  in  any  way  indicate  the  mode  of  deyelopment  of 
the  nerve-cell?  With  the  object  of  answering  this  query  I  examined 
serend  brains  of  fcetal  and  adult  animals  ;  and  although  I  cannot  speak 
conclusively  on  the  point,  it  will  be  apparent,  by  reference  to  figs.  2,  3, 
that  the  characters  represented  in  such  sections  strongly  confirmed  the 
views  adopted  above,  and  indicate  likewise  a  development  of  nerve-cells 
from  within  the  perivascular  sheath  projecting  from  its  walls  in  egg- 
shaped  ampullsD.  The  nerve-cells  are  seen  in  these  specimens  to  follow 
definitely  the  course  of  the  blood-vessels,  and  often  surround  the  latter 
in  crowds,  and  assume  with  the  direction  of  the  vessel  a  linear  or  arched 
course.  In  the  cortex  of  the  new-bom  kitten  the  appearances  indicated 
in  fig.  2  were  seen.  The  perivascular  sheaths  were  unusually  defined, 
and  could  be  traced  along  the  most  minute  capillaries.  The  nerve-cells 
were  arranged  in  one  or  two  series  along  the  course  of  the  capillary,  and 
are  clearly  separated  by  a  space  from  the  neuroglia  in  its  vicinity.  The 
cells  and  their  limiting  sacs  are  somewhat  pyiiform,  and  appear  to  arise 
by  narrowed  stalk-like  processes.  The  pyriform  appearance  is  still 
better  marked  in  a  section  from  the  ascending  frontal  convolution  of  a 
young  dog  (fig.  3),  which  shows  two  large  pyriform  cells,  distinctly  nu- 
cleated and  within  their  enclosing  sheath.  At  this  period  it  will  be 
observed  that  the  nerve-cells  have  not  thrown  out  their  processes,  and 
the  development  can  be  traced  merely  from  a  globular  cell  or  nucleus  to 
a  distinctly  nucleated  pyriform  cell.  Such  appearances  would  seem  to  indi- 
cate that  the  nerve-cells  of  the  cerebral  cortex  axe  lymphatic  outgrowths ; 
but  whether  this  be  so,  or  whether  amoeboid  vagrants  from  the  blood- 
current  be  the  source  of  these  centres  of  nervous  activity,  must  remain 
for  a  time  9uh  judice.  One  important  fact  it  is  well  to  bear  in  mind ; 
the  existence  of  these  pericellular  sacs  enables  us  to  infer  a  more  direct 
organic  connexion  between  vessel  and  nerve-cell  than  we  were  capable  of 
assuming  before.  Purther  research  alone  will  enable  us  to  establish  the 
existence  of  that  mutual  sympathy  between  nerve-cell  and  vascular  con- 
tents in  healthy  and  diseased  action  which  is  dependent  upon  their 
development  from  similar  and  identical  elements. 

Important  considerations  must  be  drawn  if  this  view  of  the  anatomical 
rektionship  of  nerve-cells  to  a  lymphatic  system  be  generally  accepted. 
There  are  observers  who  have  attributed  these  spaces,  when  seen  in 
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senile  atropbj,  to  mere  shrinking  of  the  cell  from  degeneratiye  changes, 
and  the  production  thereby  of  an  artificial  fissure  or  chasm  around  the 
cell.  The  broader  views  now  advanced  will  enable  such  observers  to 
expect  similar  appearances  from  very  diverse  causes. 

The  unusual  distinctness  with  which  these  lymph-sacs  sometimes  pre- 
sent themselves  may,  I  am  convinced,  be  occasioned  by  hardening  agents, 
such  as  chromic  add  and  its  salts  ;  but  I  feel  equally  well  assured  that 
similar  appearances  may  result  from  an  unusually  distended  lymph- 
system.  We  may  therefore  expect  to  find  them  well  shown  where  obstruc- 
tive agencies  interfere  with  the  outflow  of  the  lymph-stream  towards  the 
pia  mater.  The  large  size  and  defined  contour  of  these  lymph-sacs  in 
senile  atrophy  of  the  brain  may  undoubtedly  be  due  to  shrinking  of  the 
enclosed  degenerating  protoplasm  of  the  cell ;  yet  the  important  point 
is  to  recognize  these  spaces  as  natural  structures  in  an  unnaturally  dis- 
tended condition,  for  their  large  size  appears  to  me  due  not  only  to 
wasting  and  recession  of  the  enclosed  cell,  but  to  a  lai^ge  accumulation 
of  lymph,  the  lymphatic  channels,  both  pericellular  and  perivascular, 
being  in  a  distended  condition  throughout. 

Sections  from  the  frontal  lobe  of  a  young  and  perfectly  healthy  cat  ex- 
hibited these  pericellular  spaces  with  remarkable  distinctness  (vicU  Plate  1. 
fig.  1).  In  this  instance  the  distension  of  the  lymph-sac  was  probably 
accompanied  by  a  general  plethora  of  the  whole  lymph-system  of  the 
brain,  as  the  appearance  of  the  nerve-cell  would  scarcely  warrant  the 
supposition  of  the  appearance  being  entirely  due  to  the  shrinking  of  the 
cell  consequent  upon  chrome  hardening.  The  morbid  conditions  interfering 
with  the  perivascular  lymph-current  of  the  brain  are  numerous.  Hyper^ 
8Bmia  acts  in  this  way  and  greatly  modifies  the  nutritive  and  depurative 
changes  proceeding  in  the  pericellular  sacs.  Deposits  within  the  peri- 
vascular sheaths,  aneurismal  dilatations  along  the  vessels,  tubercular  oat- 
growths  from  their  walls,  proliferating  connective  elements,  may  all  in 
their  turn  affect  very  materially  the  free  exit  of  lymph  from  the  peri- 
vascular channels,  which  is  a  sine  qud  non  for  the  maintenance  of  the 
functional  activity  of  nerve-cells. 

The  proliferation  of  the  connective  elements  of  the  neuroglia  is  represented 
in  Plate  2.  figs.  5  and  6,  the  latter  being  a  fresh-teased  preparation,  while 
the  former  is  from  a  section  obtained  by  means  of  the  freezing  microtome. 
The  truly  protean  forms  assumed  by  these  connective  elements  are  well 
seen  in  such  specimens,  the  nucleated  corpuscle  becoming  swollen,  cloudy, 
and  often  coarsely  granular ;  at  other  times  it  maintains  through  all  its 
changes  of  form  the  peUudd  delicate  appearance  of  its  protoplasm. 

Methods  of  Examination  of  the  Cortex  Cerebri, 
It  will  be  necessary  for  me  to  dwell  shortly  upon  the  methods  employed 
by  myself  in  this  investigation.     I  have  not  limited  myself  to  any  con- 
ventional process  for  obtaining  sections ;  but,  whilst  making  free  use  of 
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the  ordinary  preparation  by  chrome  hardening,  and  the  subsequent 
staining  with  logwood,  carmine,  and  other  dyes  (adopting  Lockhart 
Clarke's  method  for  clearing  and  mounting),  I  have  struck  out  inde- 
pendently a  series  of  investigations  devoted  to  the  preparation  of  the 
brain  in  the  fresh  staU^  feeling  convinced  that  the  disuse  of  hardening 
agents  would  eliminate  many  sources  of  &llacy.  A  method  was  adopted 
by  me  and  described  at  length  in  the  ^  Monthly  Microscopical  Journal ' 
(Sept.  1876),  whereby  the  cells  and  cortical  structure  generally  could  be 
well  displayed.  The  great  fault  attached  to  this  process  is  that  relation- 
ships were  wholly  sacrificed  for  clearer  definition  of  structure  and  differ- 
entiation of  elements.  Having  endeavoured,  without  success,  to  obtain 
satis&ctory  results  by  the  ordinary  freezing  methods  with  ice  and  salt, 
I  eventually  devised  an  instrument  whereby  freezing  with  ether  spray 
was  introduced,  and  all  the  conditions  requisite  for  cutting  the  finest 
sections  of  fresh  brain  were  obtained.  This  instrument  was  made  for  me 
by  Mr.  Baker  of  High  Holbom,  and  is  described  by  me  in  the  ^  Journal 
of  Anatomy  and  Physiology '  for  April  1877,  and  proves  to  be  of  the 
greatest  value  in  the  investigation  of  ner\'ous  structures. 

When  perfectly  fresh  sections  of  healthy  brain  are  thus  obtained,  and 
the  slightest  possible  staining  of  the  nerve-cells  produced  by  a  drop  of 
carmine,  or  a  '25  per  cent,  solution  of  aniline  black,  just  sufficing,  in  fact, 
to  give  us  the  outline  of  the  cells,  nuclei,  nucleoli,  and  their  environment, 
we  are  able  to  detect,  in  most  cases,  indications  of  spaces  surrounding 
the  cell ;  and  especially  is  this  the  case  in  conditions  which  induce  a  shrink- 
ing of  the  ceU-protoplasm,  or,  on  the  other  hand,  of  the  surrounding 
neuroglia. 

The  examination  of  these  films  of  fresh  cortex  by  chemical  reagents, 
their  examination  after  staining  by  aniline  and  mounting  in  balsam,  the 
process  of  teasing  above  alluded  to,  as  well  as  chrome  hardening  for  sec- 
tions, have  been  the  methods  employed  in  this  investigation. 


EXPLANATION  OF  THS  PLATBS. 

Platb  1. 

Fig.  1.  Section  obtained  from  the  ascending  frontal  gyruB  of  a  healthy  yoong  cat. 
moBtxatiTe  of  the  relationBhips  of  the  pericellular  lymph-sacs  to  the  blood- 
vessel and  its  lymphatic  sheath  (the  brain  in  this  case  was  hardened  and 
stained  simultaneonslj).     X  180  diameters. 

Fig.  2.  Section  from  the  frontal  lobe  of  a  kitten  at  birth.  Exhibits  the  yomig  nenre- 
eells  of  the  cortex  within  their  lymphatic  sacs  arranged  along  the  periras- 
oular  channels.  The  neuroglia  is  finely  granular,  the  periyasoular  sheaths 
are  distended,  and  the  nerve-cells  fail  to  exhibit  clear  indications  of  a 
nucleus.     X  210  diameters. 

Fig.  3.  Similar  appearances  shown  in  a  section  obtained  from  the  same  conrolution  in 
a  dog  at  birth.  The  nerve-cells  are  becoming  elongated,  pyriform,  and  in 
some  cafes  exhibit  a  nucleus,     x  210  diameters* 
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Plate  2. 

Fig.  4.  A  **  giant  cell "  from  the  ascending  frontal  conTolution  in  man.  Obtained 
from  recent  brain  bj  meana  of  the  new  freezing  microtome.  X  105  dia- 
meters. 

Fig.  5.  Section  fh)m  the  ascending  frontal  conrolution  in  a  case  of  senile  atrophj. 
Obtained,  by  means  of  the  new  freezing  microtome,  from  fresh  brain«  The 
proliferation  of  oonnectiye  cells  of  the  npper  cortical  layers  is  seen  inTading 
the  Tasoular  tracts  and  nerrous  elements.     X  180  diameters. 

Fig.  6.  A  duster  of  amoeboid  connective  cells  from  the  third  layer  of  the  ascending 
frontal  oonrolution,  in  a  case  of  senile  atrophy.  Section  obtained  from 
fresh  brain  by  pressure  and  teasing. 


III.  "On  the  Thickness  of  Soap  Films.*'  By  A.  W.  Reinolu^ 
M.A.,  Professor  of  Physics  in  the  Royal  Naval  Collie, 
Greenwich,  and  A.  W.  Rucker,  M. A.,  Professor  of  Physics 
in  the  Yorkshire  College  of  Science,  Leeds.  Communicated 
by  R.  B.  Clifton,  P.R.S.,  Professor  of  Experimental  Phi- 
losophy in  the  University  of  Oxford.   Received  June  13, 1877. 

Attempts  have  from  time  to  time  been  made  by  various  physicists  to 
obtain  from  the  phenomena  of  capillarity,  or  from  observations  on  liquid 
films,  an  indication  of  the  magnitude  of  the  radius  of  molecular  attrac- 
tion. The  authors  of  this  note  have,  with  the  same  object  in  view, 
lately  made  a  series  of  experiments  to  determine  whether  the  law  that 
the  resistance  offered  to  the  electric  current  by  a  uniformly  thick  homo- 
genous body  varies  inversely  as  the  section  is  or  is  not  apparently 
obeyed  by  liquid  films,  as  any  apparent  departure  from  that  law  might 
be  taken  to  indicate  a  want  of  homogeneity,  or  that  the  thickness  of  the 
film  was  comparable  with  the  magnitude  of  the  radius  of  mdecular 
attraction. 

Their  investigations  on  this  point  are  not  as  yet  sufficiently  advanced  for 
publication ;  but  in  the  course  of  their  work  they  have  made  some  obser- 
vations on  the  forms  of  soap  films,  which  they  venture  to  lay  before  the 
Royal  Society  in  a  preliminary  note. 

A  liquid  film,  inclined  to  the  horizontal  so  as  to  become  gradually 
thinner  by  the  slow  descent  of  the  liquid,  will,  imder  favourable  con- 
ditions, appear  black,  as  in  the  central  portion  of  Newton's  rings.  By 
optical  methods  it  is  only  possible  to  obtain  a  superior  limit  to  the  thick- 
ness of  the  black  portion  of  such  a  film  ;  but  there  is  no  doubt  that  at 
the  lower  boundary  of  the  black  the  thickness  of  the  film  increases  with 
extraordinary  rapidity. 

As  a  general  rule  no  trace  of  the  blue  of  the  first  order  can  be  per- 
ceived ;  but  when  the  colour  next  below  the  black  is  the  white  of  the  first 
order,  the  line  of  separation  between  the  two  is  very  definite ;  and  if  the 
film  be  moved  so  as  to  change  the  angle  of  incidence  of  the  li^t  by 
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which  it  ifl  viewed,  the  position  of  the  boundary  of  the  black  remains 
fixed,  though  that  of  each  of  the  other  colours  is  altered  with  every 
motion.  More  frequently,  however,  the  presence  of  the  colours  of  the 
first  order,  and  some  or  all  ot  those  of  the  second  order,  can  only  be  de- 
tected by  means  of  a  microscope,  and  to  the  naked  eye  several  tints 
appear  to  be  wanting  between  the  black  and  the  colour  which  immediately 
succeeds  it. 

The  constant  recurrence  of  the  phenomenon  above  mentioned,  viz.  the 
very  rapid  change  in  the  thickness  of  the  film  in  the  immediate  neigh- 
bourhood of  the  black,  suggests  an  intimate  connexion  between  the 
tiiickness  of  the  latter  and  the  molecular  constitution  of  the  liquid.  Any 
investigation  as  to  whether  such  a  connexion  eidsts  must,  it  appears,  be 
ocHnmenced  by  seeking  the  answers  to  the  following  questions : — 

1.  Do  very  rapid  changes  in  thickness  occur  elsewhere  in  the  films  ? 

2.  Is  the  black  portion  of  the  film  uniform  in  thickness  ? 

3.  If  so,  is  the  thickness  the  same  for  all  films  formed  with  the  same 
liquid? 

Hie  authors  have,  with  a  single  liquid  and  with  the  form  of  apparatus 
employed,  obtained  results  which,  although  not  sufiiciently  numerous  to 
enable  them  to  give  general  answers  to  these  inquiries,  display,  as  they 
believe,  a  hitherto  unsuspected  constancy  in  the  phenomena  exhibited  by 
liquid  films  thinning  under  the  infiuence  of  gravity,  and  seem  to  merit 
further  study. 

The  method  employed  was  to  measure  simultaneously  the  electrical 
resistance  of  the  films,  and  the  breadths  of  the  bauds  of  colour  they 
displayed. 

The  liquid  used  was  M.  Plateau's  '*  liquide  glyc^rique,"  made  by  dis- 
solving 1  part  by  weight  of  oleate  of  soda  in  40  parts  of  water,  and 
adding  3  volmnes  of  this  liquid  to  2*2  volumes  of  Price's  glycerine.  To 
improve  the  conductivity,  3  parts  by  weight  of  potassium  nitrate  were 
dissolved  in  every  100  parts  of  water  along  with  the  oleate  of  soda. 

The  films  which  were  submitted  to  investigation  were  cylindrical  in 
shape,  and  were  formed  between  two  platinum  rings  of  the  same  diameter 
placed  one  vertically  over  the  other.  The  mode  of  supporting  these  and 
lyi^ViTig  the  electrical  connexions  was  as  follows : — ^A  glass  cylindrical 
vessel,  about  16  centims.  high  and  9  oentims.  in  diameter,  was  fitted  with 
an  ebonite  cover  divided  into  two  unequal  parts.  Each  of  these  would,  if 
placed  on  the  top  of  the  vessel,  remain  in  situ.  A  brass  tube,  which 
could  be  elevated  or  depressed,  and  was  retained  in  its  position  by  friction, 
passed  through  the  larger  portion  of  the  cover,  and  was,  when  in  position, 
in  the  centre  of  the  glass  vessel.  A  piece  of  india-rubber  tubing  provided 
with  a  piachcock  was  attached  to  the  upper  end  of  this  tube,  and  to 
the  bottom  of  it  was  soldered  a  brass  plate  carrying  the  upper  platinum 
cylinder.  This  latter  was  formed  of  stout  platinum  foil,  the  edges  of 
which  were  welded  together  in  order  to  avoid  the  introduction  of  any 
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foreigii  metal  which  might  giro  rise  to  local  galvanic  action  when  the 
ciinent  passed  tiirongh  the  film.  At  the  bottom  of  the  glass  yessel  was 
a  small  porcelain  dish  containing  mercury,  in  which  was  placed  a  platinum 
eradble,  the  lower  part  of  which  was  amalgamated  to  ensure  good  con- 
tact with  tiie  mercorj.  The  diameter  of  the  mouth  of  the  crucible  was 
as  nearly  as  possible  the  same  as  that  of  the  platinum  cylinder  above 
mentioned.  To  obviate  the  possibility  of  the  film  thinning  by  eva- 
poration from  its  surface,  a  little  of  the  liquid  used  was  placed  in  tiie 
bottom  of  the  glass  vessel,  and  the  platinum  crucible  was  also  filled  wilh 
the  liquid  to  within  about  1  millim.  of  its  upper  edge.  The  cylindrical 
films  were  produced  in  the  following  manner.  A  plane  film  was  formed 
on  the  platinum  cylinder,  which,  when  the  cover  was  replaced  on  the 
vessel,  was  blown  out  into  a  bubble  through  the  india-rubber  tubing.  This 
bubble,  when  large  enough,  adhered  to  the  edge  of  the  platinum  crucible, 
and  both  the  quantity  of  air  within  it  and  the  position  of  the  crucible 
were  then  so  regulated  as  to  make  it  as  accurately  cylindrical  as  possible. 
The  edge  of  the  platinum  cylinder  was  levelled  by  altering  the  position 
of  the  whole  apparatus  until  all  points  on  its  edge  were,  as  was 
determined  by  the  help  of  a  cathetometer,  in  the  same  horizontal  plane. 
With  this  arrangement  it  was  easy  to  measure  the  resistance  of  the 
film.  A  binding-screw  on  the  smaller  portion  of  the  ebonite  cover 
was  connected  by  a  platinum  wire  with  the  mercury  on  which  the 
platinum  crucible  rested,  while  another  binding-screw  on  the  brass  tube 
formed  the  point  of  connexion  with  the  upper  electrode.  The  resietance 
was  measured  by  means  of  a  Wheatstone's  Bridge  (of  the  Post-Oflice 
pattern),  and  as  it  continually  changed,  and  nearly  always  slowly  but 
steadily  increased,  the  known  resistance  was  made  up  to  a  certain 
amount,  and  the  moment  when  the  unknown  resistance  reached  that 
amount  noted. 

As  the  resistances  to  be  measured  were  very  large,  a  box  of  resistance- 
coils  was  introduced  into  one  arm  of  the  bridge  containing  ten  resistance- 
coils  of  about  100,000  ohms  each.  The  actual  resistance  available  for 
purposes  of  measurement  was  thus  rather  greater  than  1,000,000  ohms» 
and  by  the  multiplying  power  of  the  instrument  resistances  up  to  100 
times  this  amount  could  be  measured.  The  galvanometer  used  was  a 
reflecting  instrument  of  5000  ohms  resistance.  In  the  arm  of  the  balance 
which  contained  the  film-resistance  a  commutator  was  placed,  and  every 
time  the  key  was  depressed  the  direction  of  the  current  was  changed.  Bj 
this  means  error  due  to  polarization  was  reduced  to  a  minimum.  The 
battery  consbted  of  three  Grove's  cells. 

The  electrical  observations  were  made  in  a  room  adjoining  that  in 
which  the  film  under  experiment  was  placed,  and  at  the  same  time  a 
second  observer  measured  with  a  cathetometer  the  breadths  of  the  bands 
of  colour  exhibited  by  the  film.  This  operation  was  repeated  at  least 
twice,  and  the  time  of  each  observation  was  noted,  so  that  the  rate  o€ 
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deecent  of  the  line  of  Beparation  between  each  pair  ^  oolonrs  could  be 
determined  and  its  position  calculated  at  the  moment  when  any  particular 
electrical  observation  was  made. 

In  this  calculation  the  velocity  of  the  motion  of  each  colour  was  sup- 
posed to  be  uniform  between  sucoessiYe  obserratioDS.  This  supposition 
was  to  a  certain  extent  justified  by  the  fact  that  when  several  measure- 
ments were  taken,  i^e  calculated  velocities  for  consecutive  intervals  of 
time  differed  but  little  for  the  thinner  parts  of  the  films.  In  the  thicker 
parts  a  greater  irregularity  was  observed,  but  the  exact  determination  of 
the  position  of  the  boundary  between  two  colours  was  also  of  less  im- 
portance. In  making  these  observations  a  screen  was  placed  behind  tiie 
film,  and  ihe  telescope  of  the  cathetometer  was  directed  to  a  portion  of 
the  film  illuminated  by  means  of  a  mirror  so  placed  that  the  direction  of 
the  incident  light  was  perpendicular  to  the  optic  axis  of  the  telescope. 
The  film  was  thus  viewed  by  light  incident  at  45^,  and  the  refractive 
index  of  the  liquid  being  known  the  thickness  corresponding  to  any 
colour  may  be  deduced  by  means  of  the  table  of  Newton's  rings  given  in 
Watts's  *  Dictionary  of  Chemistry.' 

The  refractive  index  was  found  to  be  1'395  for  mean  yellow  rays. 
It  was  determined,  not  from  the  liquid  used,  which  was  made  a  week 
b^ore  the  experiments  began,  but  from  another  fireshly  made  solution  of 
precisely  the  same  composition.  This  course  was  rendered  necessary 
by  the  &ct  that  such  solutions  rapidly  become  turbid,  owing  to  the  forma- 
tion of  a  precipitate  which  cannot  be  sufficiently  removed  to  enable  the 
liquid  to  be  used  for  such  a  purpose. 

TA.BLE  L 


Black 


YeUow2 
Orange  2 
Purpled 
€keen3 
Bed3 


Green  4 
Green  4 


Bed4 
Bed4 


Green  5 
Qreetkb 


mm. 
286-901 


282^ 
280-36 
279-00 

277-30 
276-36 
273-40 


n. 


mm. 
286-25 


281-16 
279-75 
278-60 

27675 
276-90 


26800  6-40 


ni. 


mm. 
•65 


•85 
•60 
•60 

•65 
■46 


17. 


OOO 

076 
3-00 
376 

6-25 
6-25 
7-25 


V. 


10-00 

11-00 
11-76 
12-26 

13-25 
1400 
14-25 


VL 


low 

10-25 

875 
8-60 

8-00 
776 
7-00 


vn. 


-066 

•084 
•069 
-060 

•069 
-058 
771 


vni. 


286-25 

281-23 

27987 
27863 

276-98 
27613 
271-27 


IX. 


3-46 

6-02 
1-36 
1-24 

1-65 
0-85 


401 

430 
626 
630 

825 
950 


4-86  1077 


11-97|1150 


xi.lxn. 


2404  1-000 
2096  1-006 
1733, 1-004 

1376, 1-006 


1127 


1-002 


987  1-003 


870  1-000 


Beading  for  the  top  of  the  liquid  cylinder 289*7 

„  „       bottom  „  259-3 

2a2 
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Table  I.  is  an  example  of  the  way  in  which  the  results  required  wane 
deduced  from  the  experiments.  Column  I.  gives  the  cathetometer  read- 
ings in  millims.  for  the  positions  of  the  colours  whose  names  are  placed 
opposite. 

The  orders  of  the  colours  are  indicated  hj  the  numbers  placed  after 
them.  The  readings  for  a  particular  colour  were  obtained  by  phidng  the 
point  of  intersection  of  the  cross  wires  of  the  telescope  in  the  centre  of 
the  band  of  that  colour.  In  some  cases  more  definite  readings  could  be 
obtained  by  taking  the  line  of  diidsion  between  two  colours,  and  such  are 
indicated  by  writing  the  names  of  the  two  colours  one  aboTe  the  other 
with  a  line  between  them.  The  last  colour  named  is  that  of  tiie  portian 
of  the  film  extending  to  the  bottom  from  the  point  at  whidi  the  last 
reading  giyen  was  taken. 

Column  n.  gives  a  similar  set  of  readings  taken  a  little  later. 

Column  in.  the  differences  between  corresponding  numbers  in  L  and 
II.,  or  the  distances  through  which  the  colours  had  moved. 

Columns  lY.  and  Y.,  the  number  of  minutes  which  elapsed  between  Uie 
first  reading  given  in  Column  L  and  the  others  given  in  Columns  L 
andn. 

Column  VL  gives  the  differences  between  corresponding  nnmb^v  in  Y. 
and  lY.,  or  the  number  of  minutes  which  elapsed  between  two  observa- 
tions of  the  same  colour. 

Column  YII.  gives  the  quotients  of  the  numbers  in  TTI.  by  the  corre- 
sponding numbers  in  YI.,  or  the  velocity  of  motion  of  eadi  colour  in 
millims.  per  minute. 

Column  YIU.  gives  the  positions  of  all  the  colours  ten  minutes  after  the 
first  observation  (at  which  time  an  electrical  observation  was  made), 
deduced  from  the  previous  Columns. 

Column  IX.  gives  the  lengths  of  the  sections  of  the  cylinder  comprised 
between  the  colours  named.  These  are  obtained  by  subtracting  the  top 
number  in  Column  YIII.  from  the  reading  for  the  top  of  the  cylinder, 
vis.  289'7,  each  of  the  other  numbers  from  that  above  it,  and  by  subtrac- 
ting from  the  last  number  the  reading  for  the  bottom  of  the  cylinder,  or 
269-3. 

Column  X.  gives  in  millionths  of  a  miUim.  the  thi<^es8es  for  air  ccw- 
responding  to  the  various  colours  named. 

These  data  were  sufficient  to  enable  the  authors  to  represent  graphi- 
cally the  shapes  of  the  films,  and  they  annex  (pp.  340, 341)  a  number  of 
curves  drawn  for  this  porpose,  of  which  that  numbered  YII.  is  obtained 
from  the  set  of  experiments  given  in  Table  I. 

Since  the  length  of  the  liquid  cylinder  was  30*4  millims.,  it  is  necessary 
to  represent  the  thickness  on  a  much  larger  scale  than  that  used  for  the 
length.  No  calculation  is  needed  to  allow  for  the  refractive  index  or  for 
the  angle  of  incidence  of  the  light,  since,  by  introducing  these  corrections 
(which  become  necessary  before  the  resistance  of  the  film  can  be  calcu- 
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Iftted),  the  ratios  of  the  numbers  given  in  Column  X.  would  not  be 
altered ;  the  only  change  would  be  in  the  scale  on  which  the  thickness  is 
represented.  The  topmost  and  lowest  points  of  the  curves  refer  to  the 
parts  of  the  films  in  contact  with  the  upper  and  lower  cylinders,  and  the 
thicknesses  at  these  and  all  intermediate  points  are  represented  by  the 
horizontal  distances  between  the  points  on  the  curves  and  the  vertical 
lines  drawn  near  them.  For  the  reasons  given  above,  lines  representing 
the  thicknesses  of  the  cylinders  are  magnified  5000  times  more  than  those 
representing  their  lengths. 

YigB.  I.  to  V.  (p.  340)  represent  fhe  successive  forms  assumed  by  a  film 
at  the  hours  named  on  them.  They  serve  to  illustrate  the  phenomena  gene- 
rally observed — ^namely,  that  after  the  formation  of  the  black  the  colours  of 
the  portion  of  the  film  in  contact  with  it  change  so  as  to  indicate  an  in« 
crease  in  thickness,  and  are,  as  it  were,  absorbed  by  those  immediately 
below  them,  although  in  no  case  does  any  portion  of  the  film  become  thicker 
than  any  other  part  situated  at  a  lower  level  than  itself.  At  the  same 
time,  however,  the  lower  part  of  the  film  continues  to  become  thinner, 
so  that  at  last  the  whole  assumes  one  uniform  tint,  which  changes 
but  slowly,  and  sometimes  in  such  a  way  as  to  show  that  the  whole  film 
18  become  thicker.  This  phenomenon  is  probably  caused  by  absorption  of 
moisture  from  the  air,  though  the  thickening  of  the  upper  part  of  the  film 
above  referred  to  may  be  due,  at  all  events  in  part,  to  the.  fact  that  the 
formation  of  the  black  part  of  the  film  must  necessitate  the  comparatively 
rapid  removal  of  the  superfluous  liquid  from  that  portion  in  immediate 
contact  with  it. 

Fig.  VI.  represents  a  film  in  which  the  lower  boundary  of  the  black 
was,  at  the  time  of  the  observation,  rising  instead  of  descending. 

The  last  four  figures  represent  films  which  were  not  sufficiently  thin 
to  exhibit  the  bla(^ ;  the  upper  part  of  that  shown  in  fig.  X.  was,  at  the 
time  of  the  observation,  becoming  thicker. 

An  inspection  of  these  figures  is  sufficient  to  prove  that,  as  a  general 
rule,  the  films  did  not  increase  uniformly  in  thickness  from  top  to  bottom, 
but  that  regions  of  comparatively  rapid  and  slow  increase  of  thickness 
alternated.  The  inclination  of  the  outside  layer  of  the  film  to  the  vertical 
seems  often  suddenly  to  become  much  greater  at  or  about  a  thickness 
corresponding  to  20  small  divisions  on  the  curve-paper  or  to  the  yeUow 
of  the  second  order,  as  seen  through  the  telescope  of  the  cathetometer, 
but  none  of  the  dianges  in  thickness  are  so  rapid  as  that  which  takes 
place  at  the  lower  edge  of  the  black.  One  of  the  films  observed  (not  one 
of  those  drawn)  displayed  a  ring  of  black  7*82  millims.  in  breadth,  while 
tiie  rest  of  the  film  appeared  to  be  a  uniform  green  of  the  third  order. 
If  we  suppose  the  upper  part  of  the  film  to  be  as  thick  as  is  possible 
cmisistently  with  its  appearing  black  when  seen  by  light  at  normal  inci- 
dence, ihe  film  must  in  this  case  have  been  increased  to  fourteen  times 
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that  thickness  so  suddenly  that  the  colours  between  the  black  and  green 
of  the  third  order  were  quite  invisible. 

The  forms  of  the  coloured  portions  of  the  films  haying  been  thus  deter- 
mined, the  authors  were  now  able  to  calculate  their  resistances.  The 
resistance  of  a  ring  of  the  cylinder  of  length  2,  radius  r,  and  of  uniform 

thickness  r,  might  be  taken  to  be  =7^y  where  p  is  the  specific  re- 

sistance  of  the  liquid,  which  was  determined  to  be  222  ohms  at  the 
temperature  at  which  the  experiments  were  conducted. 

The  radii,  both  of  the  platinum  ring  and  crucible,  were  determined  by 
means  of  the  cathetometer.  Both  were  found  to  be  very  nearly  circular 
and  their  mean  diameters  were  33*26  millims.  and  33*77  millims. 
respectively.  The  mean  of  these  numbers,  or  33*51  millims.,  was 
taken  to  be  the  value  of  2r,  Since  the  thickness  of  each  little  ring  was 
not  uniform,  the  value  taken  for  r  was  the  mean  value  of  the  thicknesses 
of  its  upper  and  lower  edges.  It  can  easily  be  shown  that  the  resistances 
so  calculated  would  be  a  little  less  than  the  true  resistance,  and  a  correc- 
tion factor  was  introduced,  the  value  of  which  is 

where  r^  and  r^  are  the  numbers  above  referred  to  as  those  the  mean  of 
which  was  taken  to  be  the  thickness  of  the  film.  The  value  of  this 
factor,  which  depends  only  on  the  ratio  of  r^  to  r,,  was  calculated  for  several 
values  of  that  ratio,  and  the  numbers  required  were  obtained  by  interpohi- 

tion.    The  values  of  1  -r  *      ^  for  the  case  considered  are  given  in  Column 

XI.  of  Table  I.,  and  Column  XII.  contains  the  values  of  the  correction 

factor. 

Hence,  introducing  the  corrections  for  the  oblique  incidence  of  ^e 

light  and  for  the  refractive  index,  the  resistance  of  the  cylinder  was 

given  by  the  expression 

^^^     1*396  X  cos*'      21k 
222x 5— 2- 


2in*  T.-^T^ 

The  resistance  so  calculated  was  subtracted  from  the  total  observed 
resistance  of  the  film,  and  the  number  thus  obtained  was  assumed  to 
give  the  resistance  of  the  black  portion. 

Table  11.  gives  the  results  of  the  experiments. 

Column  I.  gives  the  time  at  which  the  observations  of  the  electrical  le^ 
sistance  were  made. 

Column  II.  the  breadth  of  the  band  of  black. 

Column  in.  the  names  and  orders  of  the  coloiurs  corresponding  to  tiie 
thinnest  and  thickest  portions  of  the  coloured  parts  of  the  cylinder 
when  seen  by  light  incident  at  45°. 
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Coluiim  IV.  giveB  the  observed  resiBtanoe  of  the  cylindrical  film  ex- 
pressed in  megohms. 

TablsII. 


Time  of 

obaerra- 

ticm. 


Sreadth 

of  ring  of 

Uaokin 

mm. 

IL 


Colours  of  rest 
of  cylinder. 

in. 


Total 
rensUmceof 
ojlinder  in 
meffohnu. 


BesiBtanoe 

of  coloured 

portions. 

V. 


Beriitance 
of  black 
per  mm. 

VI. 


h.  m. 
12  11-6 
14 
17 
30 
36 

3976 
4676 
48 
61-6 
66 
67-6 
1    1 
6 

7-76 
212 

22-6 
420 
Later  .. 


112-6 

20 
2  0 
330 


12    1 
10 

17-26 
54 
60-6 

1  3 
42 

2  4  76 
2  38-6 
4   9 


2-70 
283 
2-99 
3-66 
404 
4-26 
4-66 
472 
4-90 
5-08 
6-20 
6-38 
5-69 
673 
6-30 
6-36 
8O0 
877 
9-60 


7-82 


2-25 
1-90 
1-40 
260 


2-86 
3-45 
3-60 
4-70 
4-72 
4-80 
6-66 
670 
616 
7-26 


8-90 
11-87 


Cylinder  No.  L,  April  5,  Temp.  13^-6. 


Blue  2  to  red  4 


Chreen  2  to  red  4 


6-92 

•931 

612 

-929 

6-42 

-929 

7-69 

•926 

8-23 

•936 

8-63 

•936 

8-83 

-961 

9-16 

•970 

9-46 

•964 

976 

•968 

10-00 

•967 

10-30 

•964 

1070 

•926 

11-00 

•923 

12-80 

1113 

12-96 

1-246 

16-30 

1-434 

16-90 

1-299 

18-80 

1176 

Chreen  2to  green  4 


I  Tellow  2  to  green  4 

Orange  2  to  green  3 
Orange  2  to  purple  3 
Yellow  2 
Orange2 


Cylinder  No.  n.,  April  6,  Temp.  13°-9. 
I  Green  3  |      1460     |        -910     | 

Cylinder  No.  III.,  April  9. 

lTellow2togre6n4 

Orange  2  to  green  3 
Yellow  2 

Cylinder  No.  IV.,  April  10,  Temp.  13°-3. 


Yellow  2  to  green  6 


Orange  2  to  red  3 

Bed  2  to  purple  3 
Bed2 
Orange2 
YeUow  2 


Cylinder  No.  V.,  April  12. 

YeUow2  I      1677     I      1^402 

Blue  2  2224  1360 


6-00 

1166 

4-60 

1^223 

377 

1-326 

617 

1794 

676 

•897 

676 

•901 

6-86 

•907 

8-87 

1-064 

917 

1-074 

9-27 

1^064 

1070 

1164 

1118 

1-408 

11-97 

1464 

13-48 

1^496 

1-848 
1834 
1-836 
1-848 
1-806 
1783 
1732 
1-733 
1732 
1-729 
1-737 
1736 
1748 
1769 
1-866 
1-843 
1733 
1779 
1784 


1738 


1709 
1777 
1-746 
1760 


1700 
1696 
1-664 
1-661 
1716 
1712 
1718 
1714 
1710 
1-663 


1727 
1760 


Column  V.  the  resistance  of  the  coloured  portion,  calculated  as  abore 
described,  Mid  also  expressed  in  megohms. 
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Column  VI.  is  obtained  hj  subtracting  the  numbers  in  Y.  from  the 
corresponding  numbers  in  IV .  and  dividing  bj  the  corresponding  numbers 
in  n.,  and  thus  gives  in  megohms  the  resistance  of  a  ring  of  the  black 
portion  of  the  film  1  millim.  in  breadth. 

The  numbers  in  Column  II.  are  bracketed  when  thej  were  obtained  by 
means  of  the  same  two  series  of  measurements  with  the  cathetometer,  and 
are  thus  dependent  on  the  same  observations.  Numbers  not  bracketed 
were  obtained  by  totally  independent  optical  and  electrical  measurements. 

It  will  be  seen  from  this  Table  that  five  different  films  were  studied 
upon  five  different  days ;  and  that,  in  all,  36  determinations  o£  the  resist- 
ance of  the  black  portions  of  the  films  were  made. 

The  highest  and  the  lowest  values  obtained  from  individual  experiments 
differ  from  one  another  by  about  11  per  cent,  of  the  mean  value ;  but  the 
means  of  the  results  of  each  day's  observations  disphiy  a  closer  agreement. 
Thus  the  mean  of  the  values  obtained  from 

Cylinder  I.  is  1*782,  deduced  from  19  observations. 
„      U.  „  1'738,  „  1        „ 

„    m.  ,,1-745,  „  4        „ 

„     IV.  „  1-693,  „  10 

„       V.  „  1-743,  „  2 

The  maximum  discrepancy  is  about  5  per  cent,  of  the  mean  between 
the  greatest  and  least  values. 

The  figures,  however,  give  interesting  results  when  grouped  in  dif- 
ferent ways.  Thus,  taking  the  means  of  the  values  obtained  when  the 
lengths  of  the  black  part  of  the  film  lay  between  certain  limits,  it  was 
found  that  when  the  black  part  was 

>  0  and  <  2  millims.,  the  mean  value  was  1*761, 


>  2  „  <  4 

>  4  „  <   6 

>  6  „  <   8 

>  8  „  <10 
>10  „  <12 


1*764, 
1-734, 
1*760, 
1-766, 
1*760. 


Again,  grouping  the  results  according  to  the  thickness  of  the  coloured 
portion  of  the  film  which  appeared  to  be  in  immediate  contact  wiUi  the 
black,  it  was  found  that  when  the  colour  of  that  portion,  as  viewed  through 
the  telescope,  was  the 

blue  of  the  second  order,  the  mean  value  was  1-826, 


green 

f» 

ff 

.,    1-748. 

yellow      „ 

»* 

»> 

„   1-719, 

orange      „ 

♦>  • 

f> 

..   1-756, 

red           „ 

f» 

» 

„   1-716, 

green  of  third  order^ 

} 

»> 

H   1-738. 
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The  first  of  these  numbers  is  considerably  krger  than  the  others,  as  it 
IB  ahnost  entirely  deduced  from  the  high  values  obtained  during  the  early 
experiments  on  the  fii^t  cylinder.  These  experiments  are,  however, 
deprived  of  the  significance  iibej  might  otherwise  have  seemed  to  possess 
by  the  &ct  that  the  only  other  observations  taken  with  the  blue  of  the 
second  order  in  c<mtaet  with  the  black  gave  for  the  resistance  of  the 
latter  the  normal  value  1*760,  while,  on  the  other  hand,  high  values  were 
0n  one  or  two  exceptional  occasions  obtained  when  the  part  oi  the  film 
next  the  blade  was  sufficiently  thick  to  show  the  orange  of  the  second 
order. 

It  is  not  easy  to  decide  whether  the  different  values  obtained  at  various 
times  correspond  to  real  differences  in  the  thicknesses  of  the  black  por- 
tions of  the  films  or  are  due  to  errors  of  experiment. 

The  resistances  measured  we^e^  as  has  be^i  seen,  very  high ;  but  ex- 
periments made  for  the  purpose  proved  that  the  galvanometer  was  always 
sensitiTe  to  at  least  1  per  cent,  of  the  total  resistance  measured.  The 
most  probable  cause  of  error  is  the  fact  that  the  lower  edge  of  the  black 
does  not  always  lie  in  a  horizontal  plane.  Thus  on  one  occasion  one  end 
of  the  boundary  between  the  black  and  the  coloured  part  of  the  film  was 
observed  to  sink  no  less  tiian  0*5  millim.  in  a  few  seconds.  In  one  or  two 
eases  where  this  fact  was  noted,  the  number  given  for  the  length  of  the 
UadE  is  a  mean  of  readings  taken  in  different  parts ;  but  it  was  difficult 
to  cbtermine  whether  the  edge  furthest  from  the  observer  was  or  was 
not  below  that  nearest  to  him.  This  source  of  error  would,  of  course,  bo 
of  greater  importance  as  the  breadth  of  the  black  portion  of  the  film 
diminished;  but  the  magnitude  of  these  deviations  from  horizontality 
iqypeared  to  become  greater  as  that  breadth  increased. 

Without,  however,  making  any  allowances  for  these  causes  of  error,  the 
experiments  certainly  show,  for  the  particular  liquid  and  apparatus  used, — 

i.  That  the  variations  in  thickness  of  the  black  portion  of  the  films 
were  but  a  small  fraction  of  that  thickness. 

ii.  That  the  thickness  is  independent  of  the  breadth  of  the  black  ring. 

iii.  That  it  is  also  independent  of  the  thickness  of  that  portion  of  the 
film  which  appears  to  the  naked  eye  to  be  in  immediate  contact  with 
it. 

Tlie  last  ^estion  (m  which  the  authors  propose  to  touch  is  that  of  the 
absolute  thickness  of  the  black  portion  of  the  films ;  and  though  their  ex- 
periments only  enable  them  to  calculate  that  thickness  on  the  assumption 
tiiat  Ohm's' law  holds  good,  the  result  may  be  interesting. 

The  mean  of  all  their  experiments  gives  for  the  readstanoe  of  a  ring  of 
the  black  film  1  millim.  broad,  1,750,000  ohms ;  whence,  since  the  diameter 
x/i  the  cylinder  is  33*51  milHms.,  it  is  easy  to  calculate  that,  if  Ohm's  law 
holds,  the  thidaiess  oi  ike  film  must  be  12  milHonthe  of  a  millimetre,  or 
about  one  iMrd  of  the  thickness  corresponding  to  the  begiiming  of  the 
Uaek  for  the  Hquid  submitted  to  experiment. 

Digitized  by  VjOOQ IC 


846  Dr.  F.  W.  Pavy  on  the  PhyHoloffy  of        [June  21, 


IV.  "The  Physiology  of  Sugar  in  relation  to  the  Blood.— No.  2." 
By  F.  W.  Pavy,  M.D.,  F.E.S.     Received  June  21, 1877. 

In  my  oommunication  read  at  the  last  Meeting  of  the  Society  I 
described  a  gravimetric  process  of  analysis  adapted  for  the  quantitative 
determination  of  sugar  in  blood  and  such  like  organic  products.  This 
process,  after  a  little  practice,  is  easy  of  application,  and  with  proper 
care  in  manipulation  admits  of  great  accuracy  being  attained.  I  purpose, 
in  this  commimication,  giving  results  obtained  by  its  means,  showing — 

(1)  The  amount  of  sugar  existing  naturally  in  the  blood ; 

(2)  The  comparative  states  of  arterial  and  venous  blood ; 

(3)  The  spontaneous  change  ensuing  after  the  removal  of  blood  from 
the  system. 

From  the  rapid  and  marked  manner  in  which  the  amount  of  sugar  in 
the  blood  becomes  influenced  by  altered  states  of  the  system,  it  is  neces- 
sary that  certain  precautions  should  be  strictly  observed  in  order  to  obtain 
a  representation  of  the  natural  condition.  From  what  I  have  said  upon 
former  occasions  it  will  be  evident  that  if  the  blood  is  collected  for 
examination  during  life,  the  animal  must  be  at  the  time  in  a  perfectly 
natural  or  tranquil  state,  and,  if  after  death,  the  opportunity  must  not  be 
given  for  the  post  mortem  change  occurring  in  the  liver  to  exert  its  influ- 
ence upon  the  contents  of  the  circulatory  system. 

Subjoined  are  given  three  series  9f  results  illustrative  of  the  amount 
of  sugar  existing  naturally  in  the  blood  of  the  dog,  sheep,  and  bullock. 
In  two  of  the  series  six  and  in  the  other  seven  observations  are  supplied, 
and  it  is  hardly  necessary  to  remark  that  they  represent  observations  taken 
just  as  they  happened  to  present  themselves.  In  every  observation  two 
separate  analyses  of  the  sample  of  blood  were  made.  The  results  obtained 
in  each  are  stated,  and  the  mean  taken  as  representing  the  amount  of 
sugar  present. 

The  blood  from  the  dog  (in  Observations  1  to  6)  was  obtained  by  pithing 
the  animal  and  instantly  inserting  a  scalpel  into  the  chest  and  freely 
incising  the  heart  and  laj*ge  vessels.  The  chest  was  then  quickly  opened 
and  the  blood  dipped  out  and  treated  for  analysis  before  coagulation  had 
occurred.  In  Observation  7  the  blood  was  obtained  by  division  of  tiie 
jugular  vein  instantaneously  after  the  process  of  pithing.  So  quickly 
does  sugar  in  quantity  find  its  way  from  the  liver  into  the-  blood  after 
pithing  has  been  performed,  that  it  is  necessary  the  steps  of  the  opera- 
tion of  collection  should  be  carried  out  with  the  utmost  speed. 

The  blood  from  the  sheep  was  obtained  from  animals  slaughtered  for 
consumption  as  food,  the  mode  of  killing  being  that  commonly  pracfased, 
vis.  passing  a  knife  through  the  neck  and  dividing  the  vessels.  The 
results  represent  the  condition  of  the  first  portion  <tf  the  blood  tiiat 
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escaped,  and  the  time  elapsing  between  the  collection  and  the  commenoe- 
ment  of  the  analysis  did  not  exceed  a  quarter  of  an  hour.  As  coagula- 
tion had  taken  place,  the  dot  was  snipped  into  fine  pieces  with  a  pair  of 
scissors,  and  a  fair  sample  of  the  whole  thus  taken. 

In  the  case  of  the  bullock  the  blood  was  obtained  from  the  Jewish 
mei^od  of  slaughtering,  which  consists  of  drawing  a  sharp  kmfe  across 
the  neck  and  cutting  throtigh  all  the  soft  structure  down  to  the  vertebral 
column.  It  is  arterial  blood  that  is  thus  yielded.  Owing  to  the  distance 
of  the  slaughter-house  from  my  laboratory  one  hour  elapsed  between  the 
time  of  collection  and  the  commencement  of  the  analysis. 


Blood  from  Dog. 

Sugar  per  1000  parti. 
ObMTvation   1 |j;    ij^l     -761  (mean). 

..        2 {t    -^^j     -786     .. 

"      «•   It  -Z}    ^00    .. 

^ [b.    -762}     "^^      » 

^ {t    •TQs}     '^^     " 

^ [t.    •811/     "^^      •» 

^ [t.    •910/     "^^      » 

Arerage  •787  per  1000. 


Blood  from  Sheep. 

Sugar  per  1000  parts. 


ObferfBtbn  8. 
9. 
10. 
11. 
12. 
13. 


■{t. 

■It: 
it. 
■ft 
■ft 
■ft- 


4661 
■484/ 

■638  \ 
■447/ 

6091 
626/ 

'6771 
642/ 

6901 
•648/ 

■6271 
625/ 


•470  (] 
'490 
•617 
•669 


•626 


Average 621  per  1000. 
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Blood  from  Bullock. 

Sugar  per  1000  parts. 
ObwrationH |^    .l^^j     TOSCmean). 

{t. 

{t 

{t 

{I 

{t. 


15. 


le. 


17. 


18. 


) 


1«. 


515  \ 

■535  X 

500 
484 

4641 
449/ 

5101 


589 
-588 


•525 


•492 


•456 


•499 


} 


•588 


Ayerage ^543  per  1000. 

In  the  above  experiments  the  blood  was  collected  in  sucli  a  m^nyif^r  as 
to  give  a  reliable  representation  of  the  state  existing  during  life ;  and  it 
is  necessary  to  bestow  attention  upon  this  point,  for  unless  the  proper 
precautions  from  a  physiological  point  of  view  are  observed,  we  may  be 
led  a3  much  into  error  as  by  the  faulty  method  of  analysis.  This  is 
strikingly  exemplified  by  the  following  analyses  of  the  blood  of  bullocks 
obtained  by  the  ordinary  process  of  slaughtering ;  that  is,  by  the  animal 
being  felled  with  a  pole-axe,  a  cane  being  then  passed  down  i^e  spinal 
canal  to  destroy  the  medulla  oblongata  and  spinal  marrow,  and  blood 
being  afterwards  allowed  to  escape  by  an  incbion  from  the  neck  into  the 
superior  vena  cava,  or  possibly  the  right  auricle  of  the  heart.  I  gave  in- 
structions to  my  assistant  to  get  the  incision  made  as  soon  as  possible 
after  the  animal  was  felled.  The  first  day  the  samples  of  blood  of  two 
bullocks  (Observations  Nos.  20  and  21)  were  procured  for  analysis,  the 
same  time  elapsing  between  the  period  of  coUection  and  the  commence- 
ment of  the  analysis  as  in  the  instances  belonging  to  the  other  method 
of  slaughtering.  On  the  following  day  samples  from  two  more  bullocks 
(Observations  Nos.  22  and  23)  were  procured  in  a  similar  way.  The 
results  derived  from  the  blood  obtained  the  first  day  do  not  differ  to  a 
material  extent  (strictly  speaking,  the  sugar  is  a  little  higher)  from  those 
displayed  above.  The  blood  obtained  on  the  second  day,  however,  showed 
a  notably  larger  impregnation  with  sugar ;  and  this  difference,  I  have 
reason  to  believe,  arose  from  a  longer  time  having  been  allowed  to  elapse 
between  felling  the  animal  and  making  the  incision  for  the  blood  to 
escape. 
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Blood  obtained  from  the  Bullock  slaughtered  by  the  pole-axe. 

Sugar  per  1000  parte. 
Obeerration  20.    |^    .|^J     -696  (mean). 

^»   21 {-  :^i]  ^  ,. 

..       22.     {-}:^}   1053      .. 

23 1^  i-imj  ^'^^    » 

From  the  above  results  the  conclusion  may  be  drawn  that  the  amount 
of  sugar  naturally  existing  in  the  blood  of  the  sheep  and  bullock  is, 
speafaing  roundly,  half  per  1000,  or  1  part  in  2000,  and  in  the  dog  f  per 
1000,  or  lj|  part  in  2000.  There  is  a  remarkable  uniformity,  looking  at 
the  results  as  a  whole,  in  the  constitution  of  the  different  samples.  In 
Bernard's  observations  there  is  a  striking  want  of  uniformity,  and  he 
places  his  lowest  limit  at  1  per  1000,  and  says  that  in  the  normal  state 
the  amount  of  sugar  varies  from  1  to  3  per  1000  (*  Comptes  Bendus,' 
1876,  p.  1409). 

In  my  observations  upon  the  dog  I  have  purposely  varied  the  time  of 
collecting  the  blood  in  relation  to  the  period  of  taking  food,  but  have  not 
found  that  any  difEerence  is  noticeable  whether  the  collection  is  made  a 
few  hours  after  food  or  after  an  interval  of  24  hours.  In  all  the  cases 
the  ftnimftla  have  been  kept,  whilst  under  my  notice,  upon  a  purely  animal 
diet. 

The  comparative  state  of  arterial  and  venous  blood  possesses  a  bearing 
of  the  deepest  physiological  importance,  and  Bernard  has  given  results 
derived  from  the  application  of  his  process  which  tend  to  show  that  an 
extensive  disappearance  of  sugar  takes  place  whilst  the  blood  is  passing 
from  the  arterial  to  the  venous  system.  In  the  *  Comptes  Bendus ' 
(t.  Ixxxiii.  no.  6,  p.  373)  five  observations  are  given  referring  to  the 
blood  of  the  crural  artery  and  vein,  and  three  to  the  carotid  and  jugular. 
There  is  great  discordancy  in  the  results  of  the  different  observations. 
In  one  instance,  where  the  least  difference  is  noticeable,  the  figures  stand 
1-100  part  per  1000  for  the  arterial  blood  and  1*080  for  the  venous.  In 
the  instance  of  greatest  difference  the  figures  are  1*510  per  1000  for  the 
arterial  and  -950  for  the  venous,  and  this  relates  to  the  carotid  artery  and 
the  jugular  vein.  The  mean  difference  between  arterial  and  venous  blood, 
drawn  from  all  the  observations,  is  -300  part  per  1000 ;  and  if  this  repre- 
sented the  truth  it  would  undoubtedly  imply,  as  is  urged  by  Bernard, 
that  a  sufficient  destruction  of  sugar  occurs  to  harmonize  with  his  glyco- 
genic theory. 

My  own  observations,  however,  supply  strikingly  antagonistic  evidence ; 
and,  looking  at  Bernard's  results,  I  am  forced  to  the  conclusion  that 
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thej  show  a  want  of  proper  precaution  in  collecting  the  blood,  as  well  as 
the  effect  of  a  Mlacious  method  of  analTsis.  It  is  necessary  that  bodi 
the  physiology  and  chemistry  belonging  to  the  course  of  procedure  should 
be  free  from  sources  of  error;  and  if  the  blood  be  collected  directly  after 
the  vessel  has  been  cut  down  upon,  it  may  be  expected,  as  a  r^psult  of  the 
effects  of  the  operation  upon  the  animal,  to  present  a  deviation  from  Uie 
natural  state,  and  more  so  especially  after  the  exposure  of  the  carotid  artery, 
on  account  of  its  deep  situation  and  close  contiguity  to  the  pneumogastric 
nerve.  As  I  have  stated,  it  is  between  the  Mood  of  the  carotid  artery 
and  jugular  vein  that  the  greatest  disparity  was  noticed  by  Bernard,  the 
difference  in  one  case  amounting  to  *560  part  per  1000,  which  is  actually 
a  larger  proportion  of  sugar  than  what  I  have  found  exists  naturally  in 
the  blood  of  the  sheep  and  bullock. 

I  will  mention  the  course  of  procedure  I  have  myself  adopted  to  obtain 
a  true  representation  of  arterial  and  venous  blood  in  a  natural  state,  and 
give  the  results  of  the  analysis  of  the  samples.  Experience  has  shown 
that  the  effect  of  anesthetics  is  to  occasion  a  preternatural  amount  of 
sugar  in  the  blood.  To  strictly  attain,  therefore,  the  object  in  view  it  is 
necessary  that  the  collection  of  blood  should  not  be  made  whilst  the 
animal  is  under  their  influence. 

In  my  first  experiment  I  was  under  the  necessity,  on  account  of  the 
restrictions  of  the  Vivisection  Act,  of  collecting  the  Uood  instantly  after 
the  destruction  of  life.  Pithing  was  performed,  and  instantaneously 
afterwards  an  incision  was  made  across  the  jugular  vein  on  the  one  hand 
and  the  crural  artery  on  the  other.  These  vessels  were  selected  from 
their  convenient  situation  for  the  expeditious  performance  of  the  opera- 
tion in  a  manner  to  admit  of  the  respective  kinds  of  blood  being  obtained 
in  a  pure  or  unmixed  state.  The  following  are  the  results  of  the  analjrsis 
of  the  counterpart  samples  of  each.  It  will  be  seen  that  the  amount  of 
sugar  in  the  blood  corresponds  with  what  I  have  before  represented  as 
naturally  present,  thus  showing  that  no  time  was  given  between  the 
period  of  pithing  and  collection  for  the  influence  of  post  mortem  change 
in  the  liver  to  be  exerted. 

Sugar  per  1000  parts. 
Oronl  arterj.  Jugular  Tfltn. 

t    ^l]     -795  (mean).  J;    i^f}     -m  (mean). 

Four  days  ago  the  legal  restriction  I  was  before  labouring  under  was 
removed,  and  time  has  just  been  allowed  previous  to  the  termination  of 
the  present  session  of  the  Boyal  Society  for  the  performance  of  two  ex- 
periments, in  which  the  blood  was  collected  under  natural  conditions 
during  life.  In  these  two  experiments  ether  was  administered  to  remove 
sensibility  during  the  exposure  of  the  carotid  artery  and  jugular  vein.  The 
animals  were  then  allowed  to  remain  for  an  hour  and  a  half  to  recover 
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from  the  unnatural  state  induced  bj  the  aniesthetic.  Without  occasion^ 
ing  anj  disturbance  of  tranquillity  the  two  vessels  were  now  drawn  for- 
ward by  means  of  loose  threads  which  had  been  placed  around  them,  and 
openings  made  to  allow  of  the  escape  of  blood.  The  respective  specimens 
of  blood  were  thus  collected  at  the  same  moment;  and,  before  coagulation 
had  time  to  occur,  the  process  of  analysis  was  commenced.  The  following 
were  the  results  obtained : — 

Sugar  per  1000  parts. 

Carotid  arteiy.  *  Jugular  yein. 

I    :^]     -811  (mean).  ^    '^}     -798  (me«i). 

a.    -8641      .^«  a.    -8631      .«.g 

6.    -873 ;      ^^      »•  b,    -896  /      ^^      - 

I  must  allow  these  results  to  speak  for  themselves.  The  circumstances 
I  have  alluded  to  have  prevented  my  obtaining  a  larger  number  for  this 
communication.  Taking  the  evidence  as  it  stands,  it  is  not  clearly  appa- 
rent that  any  decided  difference  exists  in  the  amount  of  sugar  contained 
respectively  in  arterial  and  venous  blood.  More  observations,  however, 
shaJl  be  made,  and  the  results  communicated  at  a  later  period.  Mean- 
while, it  may  be  confidently  looked  upon  as  settled  that  Bernard's  repre- 
sentation is  shown  to  be  erroneous. 

I  have  now  to  refer  to  the  spontaneous  change  ensuing  in  the  blood 
after  removal  from  the  system.  Bernard,  in  his  recent  writings  (Comptes 
Hendus,  19  Juin,  1876,  p.  1406)  has  drawn  attention  to  this  subject,  and 
represents  the  rate  of  disappearance  of  sugar  to  be  such  as  to  give  weight 
to  his  results  regarding  the  extent  of  destruction  alleged  to  occur  in  the 
systemic  capillaries  during  life,  contending,  as  he  does,  that  the  post 
mortem  phenomena  observed,  both  as  regards  sugar-formation  and  sugar- 
destruction,  stand  as  representations  of  the  natural  actions  of  life.  The 
following  is  the  record  he  has  given  of  the  results  derived  from  an  ana- 
lysis of  a  sample  of  blood  at  different  periods  on  a  warm  summer's  day : — 

Sugar  per  lOOa 

AoalTxed  immediately    1*070 

„         after  10  minutes 1*010 

M         after  30  minutes    '880 

„         after  5  hours  *440 

after  24  hours -000 

The  results  derived  from  the  observations  conducted  in  my  laboratory 
with  the  gravimetric  process  of  analysis  furnish  evidence  of  a  very  different 
nature.  Subjoined  are  the  particulars  relating  to  five  observations  made 
during  the  present  year  at  the  dates  mentioned. 
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January  2M,  Sugar  per  1000  parts. 

Taken  immediately if    !^J     786  (mean). 

After  1  hour  "739. 

April  25ih. 

Taken  immediately |j;    '^gjj     '700      „ 

After  1  hour  jj;    ^]     -670      ,. 

Jliay  18M. 

Taken  immediately |j    "^^^     -766      „ 

After  1  hour  |j;    .'J^fj     '751      „ 

After  23  hours  [j;    .*^|     -285      „ 

May  2Ath, 

Taken  immediately |J    V^b\     *^^      »' 

After  1  hour  {^    [J^j     '728      „ 

After  24  hours  |^;    l^}      302      „ 

Takenimmediately {j;    |Jq]     '921        „ 

After  Ij  hours  793. 

The  gradual  destmction  of  sugar  shown  by  the  above  observatdons  to 
occur  alter  the  remoral  of  blood  from  the  system  is  nothing  more  than 
a  confirmation  of  what  has  been  known  for  many  years  to  take  place.  A 
communication  presented  by  me  to  the  Boyal  Society  in  1855,  and  pub- 
lished in  abstract  in  toI.  vii.  of  the  *  Proceedings/  contains  the  following 
remarks : — "  Under  the  changes  of  the  decomposition  of  blood,  normal 
animal  glucose  is  very  readily  metamorphosed.  The  rapidity  of  the  me- 
tamorphosis depends  on  the  activity  of  the  decomposition  of  the  animal 
substances  present,  and  when  the  destruction  of  the  sugar  is  complete,  the 
blood  has  assumed  an  add  reaction.  This  add  reaction  of  decomposing 
blood  is  only  observable  in  that  which  was  previously  pretty  largely  im- 
pregnated with  sugar.    It  appears  to  be  owing  to  the  formation  of  lactic 

add The  disappearance  of  sugar  is  more  rapid  where  the  fibrin  and 

corpuscles  are  present  than  when  the  serum  is  exposed  alone;  and  in 
accordance  with  this  the  blood,  in  the  one  case,  undei^oes  decomposition 
much  sooner  than  in  the  other." 

Thus  as  far  back  as  22  years  ago  I  directed  attention  to  the  phenomenon 
here  referred  to.  The  phenomenon  constitutes  a  change,  the  occurrence 
of  which,  from  the  known  properties  of  sugar,  might  be  looked  for  under 
the  circumstances.  Taken  by  itself  it  implies  nothing  physiologicaUy, 
but  simply  stands  in  subordbiate  relation  to  the  physiological  position 
shown  by  other  evidence  to  exist. 
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The  conclusion  to  which  the  evidence  contained  in  this  communication 
leads  is  that  if  the  graTimetric  application  of  the  copper  test  used  in  the 
accustomed  manner  is  to  be  accepted  as  affording  trustworthy  information 
with  reference  to  the  quantitative  determination  of  sugar,  and  I  confi- 
dently submit  that  it  is,  the  results  which  Bernard  has  obtained  by  the 
experimental  modia  operandi  he  has  been  recentiy  employing  are  shown 
to  be  seriously  fallacious.  The  results  being  faUadous,  his  inferences 
must  be  looked  upon  as  correspondingly  in  error. 


V.  ''Note  on  Dr.  Burdon  Sanderson's  latest  Views  of  Ferments 
and  Germs.''  By  J.  Tyndall,  D.C.L.,  LL.D.,  F.R.S.  Re- 
ceived  June  21,  1877. 

While  writing  the  paper  which  the  Council  of  the  Boyal  Society  has 
recently  done  me  the  honour  of  accepting  for  the  Philosophical  Transac- 
tions, the  abstract  of  a  lecture  delivered  by  Dr.  Burdon  Sanderson  to  the 
Association  of  Medical  Officers  of  Health  was  placed  in  my  hands.  The 
esteem  in  which  the  author's  name  is  justly  held  will  certainly  give 
weight  and  currency  to  the  views  enunciated  in  this  lecture.  Speaking 
of  ferments  Dr.  Sanderson  says : — '*  In  defining  the  nature  of  ferment 
action  we  are  in  a  dilemma,  out  of  which  there  is  no  escape  except  by 
compromise.  A.  ferment  is  not  an  organism,  because  it  has  no  structure. 
It  is  not  a  chemical  body,  because  when  it  acts  upon  other  bodies  it  main- 
tains its  own  molecular  integrity.  On  the  whole,  it  resembles  an  organism 
much  more  than  it  resembles  a  chemical  body,  for  its  characteristic  beha- 
viour is  such  as,  if  it  had  a  structure,  would  prove  it  to  be  living.  Ten 
years  ago  the  opponents  of  spontaneous  generation  were  called  Pansper- 
mists,  because  it  was  supposed  that  in  the  so-called  generatio  equivoca,  in 
every  case  in  which  Bacteria  appeared  to  spring  out  of  nothing,  the  result 
was  referable  to  the  influence  of  unseen  but  actually  existing  germs.  The 
researches  of  the  last  few  years  have  carried  us  beyond  this  stage. . .  .the 
outer  line  of  defence,  represented  by  the  aphoristic  expression  omne 
vivum  ex  ovo,  has  been  for  some  time  abandoned.  The  ground  which  the 
orthodox  biologist  holds  now,  as  against  the  heterodox,  is  not  that  every 
Baeterivm  must  have  been  bom  of  another  Bacterium^  but  that  every  Boo- 
terium  must  have  been  bom  of  something  which  emanated  from  another 
Bacterium,  that  something  not  being  assumed  to  be  endowed  with  struc- 
ture in  the  morphological  or  anatomical  sense,  but  only  in  the  molecular 
or  chemical  sense.  It  is  admitted  by  all,  even  by  Professor  Tyndall,  that, 
so  far  as  stmcture  is  concerned,  the  germinal  or  life-producing  matter  out 
of  which  Bacteria  originate  exhibits  no  characters  which  can  be  appre- 
ciated by  the  microscope;  and  other  researches  have  proved  that  the 
germinal  matter  is  capable  of  resisting  destructive  influences,  particularly 
those  of  high  temperature,  which  are  absolutely  fatal  to  the  Bacteria 
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themselves.  Germs  have  given  place  to  things  which  are  ultnunicro- 
scopical — to  molecular  aggregates— of  which  all  we  can  say  is,  what  we 
have  already  said  about  the  ferments,  that  they  occupy  the  border4aiKl 
between  living  and  non-living  things." 

As  directed  against  '*  germs  "  the  argument  that  the  '*  germinal  matter" 
is  capable  of  resisting  destructive  influences  which  are  fotal  to  the  Bacteria 
themselves,  will,  I  think,  be  found  on  consideration  to  lack  validity. 
Nobody  is  better  acquainted  than  Dr.  Sanderson  with  the  two  forms  under 
which  the  contagium  of  splenic  fever  appears.  He  knows  that  the  one  is 
fugitive  and  readily  destroyed,  the  other  persistent  and  destroyed  with 
difficulty.  Now  the  recent;  researches  of  Koch,  which  have  been  verified 
by  Cohn,  prove  conclusively  that  the  difference  here  referred  to  is  based 
upon  the  fact  that  the  fugitive  contagium  is  the  developed  organism  of 
Bacillus  anihracis,  while  the  persistent  contagium  is  the  spore  of  Hiat 
organism.  Dallinger's  excellent  observations  also  establish  a  difference 
between  the  death-temperatures  of  monad  germs  and  of  adult  monads ; 
while  I  need  not  do  more  than  refer  to  the  forthcoming  Part  of  the 
Philosophical  Transactions  for  illustrations  of  the  extraordinary  dif- 
ferences of  the  same  nature  which  my  recent  researches  have  brought 
to  light. 

Dr.  Sanderson  credits  me  with  "  admitting "  that  the  germinal  or  life- 
producing  matter  out  of  which  Bacteria  originate  exhibits  no  structural 
characters  which  can  be  appreciated  by  the  microscope.  Not  only  do  I 
admit  it,  but  I  made  it  a  special  object  of  my  lecture  before  the  Irtish 
Association  at  Liverpool  in  1870  *,  to  show  how  inappropriate  it  is  to 
invoke  the  microscope  in  deciding  questions  of  ultimate  structure.  After 
experimentally  demonstrating  the  existence  of  a  world  of  particles  fnr 
beyond  the  reach  of  the  microscope,  I  thus  express  myself : — 

^'  Many  of  our  physiological  observers  appear  to  form  a  very  inadequate 
estimate  of  the  distance  which  separates  the  microsoopic  from  the  mole* 
cular  limit,  and  often  employ  a  phraseology  calculated  to  mislead.  When, 
for  example,  the  contents  of  a  cell  are  described,  without  qualification,  as 
*  perfectly  homogeneous,'  or  as  '  absolutely  structureless,'  because  the 
microscope  fails  to  distinguish  any  structure,  or  when  two  structures  are 
pronounced  to  be  '  without  difference '  because  the  microscope  can  detect 
none,  then  I  think  the  microscope  begins  to- play  a  mischievous  part. 

"  A  little  consideration  will  make  it  plain  that  the  microscope  can  have 
no  voice  in  the  question  of  ultimate  germ-structure.  What  is  it  tJiat 
causes  water  to  contract  at  39^  F.,  and  to  expand  until  it  freezes  ?  It  is 
a  structural  process  of  which  the  microscope  can  take  no  note;  nor 
is  it  likely  to  do  so  by  any  conceivable  extension  of  its  powers.  When 
distilled  water  is  placed  in  the  field  of  an  electro-magnet*,  will  any  change 
be  observed  by  a  microscope  when  the  magnet  is  excited  ?  Absolutely 
none ;  and  still  profound  and  complex  changes  have  occurred.  First  of 
*  *  FrBgmenti  of  Sdenoe,'  5th  edition,  pp.  447, 448. 
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all,  die  partides  haye  been  rendered  diamagneticallj  polar ;  and  secondly, 
in  virtue  of  the  structure  impressed  upon  it,  the  liquid  twists  a  ray  of 
light  in  a  &shion  perfectly  determinate  both  as  to  quantity  and  direction. 
Have  the  diamond,  the  amethyst,  and  the  countless  other  crystals  found 
in  the  laboratories  of  nature  and  of  man  no  structure  ?  Assuredly  they 
have,  though  the  microscope  can  make  nothing  of  it  It  cannot  be  too 
distinctly  borne  in  mind  that  between  the  microscopic  limit  and  the 
true  molecular  limit  there  is  room  for  infinite  permutations  and  com- 
binations.'' 

It  is  not  without  concern  that  I  see  the  habit  of  thought  and  expres- 
sion against  which  I  thus  reasoned  revived  by  so  excellent  a  worker  as 
Dr.  Sanderson.  My  position  is,  and  I  think  the  uniformity  of  Nature  is 
on  my  side,  that  a  particle,whether  great  or  small,  which  when  sown 
produces  a  plant,  is  proved  thereby  to  be  the  germ  of  that  plant ;  Dr. 
Sanderson's  position  is,  that  a  particle,  however  fruitful  it  may  be,  ceases 
to  be  a  germ,  and  dwindles  to  a  '^  molecukr  aggregate  "  when  it  becomes 
ultra-microscopical.  It  may  be  fairly  asked  have  all  microscopes,  or  only 
some,  the  right  to  define  the  germ-Umit  ?  Has  a  pocket-lens  the  right  ? 
If  not,  and  assuredly  it  has  not,  what  power  of  enlargement  confers  the 
right  ?  Some  of  those  particles  develop  into  globular  Bacteria^  some  into 
rod-shaped  Bacteria,  some  into  long  flexile  filaments,  some  into  impetuously 
moving  organisms,  and  some  into  organisms  without  motion.  One  particle 
will  emerge  as  a  Bacillus  anthracite  which  produces  deadly  splenic  fever ; 
another  will  develop  into  a  Bacterium  the  spores  of  which  are  not  to  be 
microscopically  distinguished  from  those  of  the  former  organism ;  and  yet 
these  undistinguishable  spores  are  absolutely  powerless  to  produce  the  dis- 
order which  BaciUus  anthraeis  never  fails  to  produce.  It  is  not  to  be  ima- 
gined that  particles  which,  on  development,  emerge  in  organisms  so  dif- 
ferent from  each  other,  possess  no  structural  differences.  But  if  they 
possess  structural  differences  they  must  possess  the  thing  differentiated, 
viz.  structure  itself. 

One  of  the  greatest  advantages  arising  from  the  use  of  the  luminous 
beam  in  researches  of  this  nature  I  considered  to  be  the  demonstrative 
form  into  which  it  enables  us  to  throw  the  argument  regarding  germs  and 
spontaneous  generation.  I  will  here  set  forth  this  argument  substantially 
as  I  stated  it  in  Glasgow  last  October : — "  We  are  asked  to  pronounce 
on  the  character  of  a  granular  powder  placed  in  the  hand.  We  examine 
it,  but  fail  to  discern  what  it  is.  We  prepare  a  bed  of  earth,  sow  in  it 
the  powder,  and  soon  afterwards  find  a  mixed  crop  of  docks  and  thistles 
sprouting  from  the  bed.  We  repeat  the  experiment  fifty  times ;  and 
from  fifty  different  beds,  on  sowing  the  powder,  we  obtain  the  same  crop. 
What  would  be  our  conclusion  ?  We  should  not  be  in  a  condition  to 
affirm  that  every  grain  of  the  powder  was  a  dock-seed  or  a  thistle-seed ; 
but  we  should  be  in  a  condition  to  affirm  that  both  dock-  and  thistle-seeds 
formed,  at  all  events,  part  of  the  powder.    There  is  not  in  the  range  of 
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physical  science  an  experiment  more  conclasive  nor  an  inference  mor^ 
certain  than  this  one.  Now,  supposing  the  powder  to  be  light  enough  to 
float  in  the  air,  and  that  we  are  enabled  to  see  it  there  as  plainly  as  ^e 
heavier  powder  in  the  palm  of  the  hand.  If,  like  the  powder,  sudi 
floating  dust,  sown  in  an  appropriate  soil,  produce  a  definite  living  crop, 
with  the  same  logical  rigour  as  before  we  should  conclude  that  the  germs 
of  this  crop  must  have  formed  a  portion  of  the  dust/'  This  reasoning 
applies,  word  for  word,  to  the  development  of  Bacteria  fnmx  those 
suspended  particles  which  the  luminous  beam  reveals  in  the  air,  and  in 
the  absence  of  which  life  is  never  generated  in  previously  sterilised 
infusions. 

I  respectfully  submit  this  reasoning  to  Dr.  Sanderson's  friendly  con- 
sideratioQ. 


VI.  "Experimental  Demonstration  in  respect  to  the  Origin  of 
Windings  of  Rivers  in  Alluvial  Plains^  and  to  the  Mode  of 
Flow  of  Water  round  Bends  of  Pipes."  By  Professor 
James  Thomson^  LL.D.^  D.Sc.,  F.R.S.  Keceived  June  21, 
1877. 

In  a  paper  which  I  had  the  honour  of  submitting  to  the  Royal  Society 
rather  more  than  a  year  ago,  and  which  is  printed  in  the  ^  Proceedings ' 
for  May  4,  1876, 1  proposed,  on  hydrokinetic  principles,  a  theoretical 
view  of  the  mode  of  flow  of  water  round  bends  of  rivers  and  of  pipes, 
and  offered  under  that  view  explanations  of  the  origin  of  the  vrindrogs 
of  rivers  flowing  through  alluvial  plains.  Wishing  to  bring  under  the 
test  of  experiment  the  views  then  put  forward,  and  to  render  very  clearly 
perceptible  the  phenomena  anticipated,  I  constructed,  in  the  summer  of 
1876,  a  small  artificial  river,  about  eight  inches  wide  and  an  inch  or  two 
deep,  haviug  a  bend  turning  about  a  half-round,  or  ISO*',  so  that  the 
course  of  the  river  might  be  likened  to  the  capital  letter  \J.  The  water 
flowing  in  this  river  showed  very  completely,  and  very  remarkably,  the 
phenomena  which  had  been  anticipated,  and  which  are  to  be  found 
described  in  the  paper  referred  to.  The  courses  of  the  water's  flow  at 
the  various  parts  of  the  river,  along  the  bed,  and  at  the  upper  surface, 
and  at  places  an3rwhere  within  the  body  of  the  current,  were  made  to 
show  themselves  in  several  ways.  One  way  was  by  means  of  threads  of 
suitable  length  (about  an  inch  or  two  long),  some  of  which  were  anchored 
at  bottom,  while  others  were  attached  at  various  depths  in  the  river  to 
pins  or  slender  wires  standing  upright  like  thin  posts  in  the  river.  Th^e 
threads,  by  the  lines  of  direction  which  they  assumed,  showed  very  well 
the  directions  of  the  flow  at  bottom  and  at  various  depths.  Another 
way,  and  one  which  proved  very  satisfactory  for  showing  the  bottom  cur- 
rents, was  by  dropping  into  the  river  granules  of  various  kinds,  such  as 
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sand,  and  peas  selected  of  good  round  form,  and  other  small  round  seeds, 
such  as  doyer-seed  and  poppy-seed.  Granules  such  as  these  showed 
very  dearly  numerous  phenomena,  not  only  of  the  flow  of  the  water,  but 
also  of  the  transmission  of  material-like  detritus  forward  along  the 
bottom  in  straight  parts,  and  very  obliquely  across  the  bottom  in  the 
bend ;  and  gave  imitations  on  a  small  scale,  easy  for  observation,  of  the 
processes  of  accumulation  of  detritus  along  the  inner  banks  of  the  bends 
of  rivers,  and  presented  abo  interesting  suggestions  and  considerations 
as  to  some  of  the  details  or  secondary  actions  iuYolved  in  the  processes  *• 


VIL  ^'  An  Attempt  to  form  Double  Salts  of  Nitrate  of  Silver 
and  other  Nitrates.""  By  W.  J.  Russell,  Ph.D.,  P.E.S., 
and  Neyil  Stoby  Maskeltnb,  F.B.S.  Received  June  21, 
1877. 

(Abstract.) 

When  a  solution  containing  silver  and  potassium  nitrates,  in  equiva- 
lent proportions,  is  evaporated,  the  potassium  nitrate  separates  out,  im- 
combined  with  silver  nitrate.  If,  however,  the  ratio  of  silver  nitrate  to 
potassium  nitrate  be  increased  beyond  a  certain  limit  (which  has  been 
determined),  then  a  true  double  salt  having  the  composition  AgNO,KNO, 
crystallizes  out.  The  same  salt  can  also  be  formed  from  a  solution  that 
would  not  yield  it  under  ordinary  drcumstances,  by  either  adding  nitric 
acid  or  by  increasing  the  temperature  of  the  solution,  both  these  altera- 
tions tending  in  the  same  direction,  viz.  to  decrease  the  amoimt  of  silver 
nitrate  as  compared  to  that  of  potassium  nitrate  which  can  exist  in  solu- 
tion. 

Further  it  is  shown,  with  regard  to  these  two  salts,  that  if  an  intimate 
mixture  of  them  be  treated  with  an  amount  of  water  insuffident  to  dis- 
solve the  whole  of  either  constituent,  still  the  composition  of  the  solu- 
tion found  will  vary  with  the  composition  of  the  mixture  used.  This 
arises  from  the  two  salts  uniting  in  solution  to  form  the  double  salt,  and 
ultimately  the  amount  of  double  salt  that  can  remain  in  solution  depend- 
ing on  the  excess  of  silver  nitrate  present,  which,  from  its  greater  solu- 
bility, can  displace  the  double  salt  from  solution.  The  residue  in  this 
case,  from  its  crystalline  form,  can  be  identified  as  double  salts. 

With  sodium  nitrate  a  corresponding  double  salt  does  not  form.  In 
this  case,  on  evaporating  the  solution  it  is  the  silver  nitrate,  not  the 

*  The  experiments  here  described  were  shown  in  the  Mathematical  and  Physical 
Section  of  the  British  Association  at  the  meeting  held  at  Glasgow,  in  September  187B, 
and  further  in  the  temporary  collection  prepared  in  the  HelvingroTe  Museum  at 
Glasgow,  for  that  meeting  of  the  Association.  As  they  were  arranged  expressly  for 
testing  and  iUustrating  the  theoretical  views  contained  in  a  paper  previously  submitted 
to  the  Boyal  Society,  the  present  brief  account  of  them  is  offered  here  to  the  Society 
as  a  sequel  to  that  preyious  paper. 
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sodium  nitrate,  which  is  the  first  to  separate  out,  notwithstanding  its 
being  by  far  the  more  soluble  salt  of  the  two.  The  solution  obtained  by 
treatment  of  the  two  salt«  with  insufficient  water  does  not  vary  in  com- 
positicm,  as  is  the  case  with  the  potassium  salt,  and  this  is  known  to  be 
a  strong  confirmation  of  the  statement  of  the  non-existence  of  a  double 
salt  of  silver  and  sodium. 

With  ammonium  nitrate  a  double  salt  is  formed  corresponding  to  the 
potassium  salt.  In  this  case,  owing  to  the  similar  degree  of  solubility  of 
both  constituents,  it  forms  on  the  evaporation  of  a  solution  containing 
the  salts  in  the  proportion  of  single  equivalents.  On  treatment  of  the 
salts  with  insufficient  water  for  solution  the  same  thing  happens  as  with 
the  potassium  salts. 

With  lithium  nitrate  no  double  salt  could  be  formed ;  but  on  the  evapo* 
ration  of  a  solution  having  the  two  salts  in  equivalent  proportions,  it  is 
the  very  soluble  silver  nitrate  which  is  the  first  to  separate  out.  Again, 
the  composition  of  the  solution  obtained  by  treating  different  amounts  of 
the  dry  salts  with  insufficient  water  to  dissolve  them  gives  in  all  cases  a 
liquid  of  constant  composition. 

With  lead  nitrate  no  double  salt  was  formed.  On  evaporation,  in  this 
case,  it  is  the  least  soluble,  the  lead  nitrate,  which  is  the  first  to  separate 
out. 

When  two  salts  are  together  in  solution,  in  some  cases  the  more 
soluble,  in  others  the  less  soluble,  will  be  the  first  to  separate  out  on 
evaporation ;  this  action  appears  to  depend  on  the  affinity  of  the  salt  fcr 
water — its  hygroscopic  character,  not  its  solubility. 

The  distinctive  character  of  the  double  salt  is  confirmed  by  its  crystal- 
line form,  which  is  similar  in  the  two  cases  of  the  potassium-  and  the 
ammonium-silver  salt. 

The  system  to  which  these  crystals  belong  is  the  oblique ;  the  elements 
of  the  crystal  being 

a  :  b  I  era  1-405  :  1  :  1-646 
i,=82«  22' 

1 45«  7'. 


1 , 
)th 

.  100  =  37°  14',  101  .  001=45° 
er  important  angles  are : — 

8',  1 1 1  .010. 

100  .  roi  =  136°20',    100 

.  1 1 0  =  64»  19', 

110  ,  TlO=    71"  20',    010 

.  0 1 1  =  31°  29}' 

The  faces  of  the  forms  211  and  122  appear  to  be  hemimorphously 
developed. 

Averages  occur  parallel  to  the  faces  of  the  forms  {101}  {110}  {101}. 

Optical  character  negative ;  the  optic  axes  lie  in  a  plane  perpendicular 
to  the  plane  of  symmetry,  their  divergence  for  red  light  being  about 
4°  26',  for  blue  light  13°  11'.  The  (horizontal)  dispersion  of  the  first 
mean  lines  in  the  plane  of  symmetry  throws  the  mean  line  for  red  rays 
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aboat  19  nearer  the  normal  of  the  &oe  (1  0  0)  than  that  of  the  bine,  the 
mean  direction  of  the  first  mean  line  being  about  35^  on  the  normal  of 
10  0,  and  8*"  40'  on  that  of  TO 1. 

Crystals  of  potassium  nitrate,  containing  less  silver  nitrate  than  the 
donble  salt,  gave  angles  according  somewhat  closely  with  those  of  ordi- 
nary nitre ;  but  the  crystals  did  not  give  very  good  reflections. 

The  results  obtained  by  Bose  with  sodium  nitrate  containing  silver 
nitrate  were  confirmed  so  &r  as  the  crystals  permitted  of  measurement. 

Crystals  of  strontium  nitrate  containing  sUver  nitrate  gave  excellent 
measurements,  according  with  those  of  a  cubo-octahedron. 


VIII.  «  On  certain  Definite  Integrals.'^    By  W.  H.  L.  Russkll, 
F.R.S.    Received  June  21,  1877. 

The  following  paper  is  a  continuation  of  two  papers  recently  commu- 
nicated to  the  Boyal  Society,  and  inserted  in  the  '  Proceedings.' 

(40.)  1     c»log.(e«'««^+2€'«*^cos(a?sine)+l)«2irlog.2. 
*c»e*<»»  •cos  (sin  2e  COS 'e  + sine  COS  e)--Ve'. 

0 

(42.)  j     <»€«»«*+<»-^cos(sin2e+sine)=ir. 


0 

l-z« 


(430  \      ^ e^-a^ oo.a+x« COB ,      o  :  ,     .«irf . 


(44.)  \     c».ei-^«-*+'*cos  — 


2x%iaB 


xAaB 


2ircose+iP* 


,4.x   r f^a  8me(4-hcos^6)     ir 

^     ^^J.  l+oj'cos^d  a^       "^"^     ^      :^' 
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Continxung  the  process,  we  find 
C   flsin'flrffl         ,  „     ,,„,  p'flsm»»+'a<W 

(*»->Jo  iT^^^3^' ""^ '"*''" ^''"''^^''•^  Jo  TT^^^6- 

^  ((l+^H-/)co8a6  +  /iC083a6))(l+e')*2-2,i'c3»+l*€«*+/i' 
(51.)  r^rfae<«"*«***cos(co8*08innO)  =  ^.V^. 

^g^^r^8m|eOo»^8m(0-h|)      ^^ 
•^0  l-.2aco8e+a»        ^21  +  a 


2aco8e+a">(l+2/ie«>»*co88in6+/iV««*)      1-a*  1+fic* 


J*  ^(l+fi€<^^co8  sin  6) 5       1 

0  (l+a'XH-V*^*co88ine+/i»c»«*0""2*i^^^;' 

J^'  e<»'^8in(8m6)cft>8mO ^ JL | _!!_  _  _1 

^  (l-2aco8e+a')(H-2,i€<«-«cos8me+/iV«>^)""2all+/ie*      1+| 

J' log.  (1- 2a cos e+ a')        2ir     ,       .-  ^      . 
0 

In  like  manner  we  may  find  the  integral  (57.)  I    n+e*)(l— 2ocosfl+i 
and  more  generally  (58.)  J  ^  (i^e»,)(i_2aco8e+«')' 

,  (l-2aco80+a')(H-arcose+x')''°'2(l-a;')'(l+a*)»* 

f  *  fl8inO</g  IT  « 

(®<^-)J^  (l+0')(l+2«co8e+:r')'""2(l-«')'(«+«)'' 

^       Jo  (e+e')(H-2«co8fl+«»)'     2(l-*»)(H-*)'(e+*)»* 
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I  have  been  asked  to  indicate  the  method  of  obtaining  some  of  these 
integrals.    This  I  now  do. 

(8.)  is  obtained  by  summing  the  series  for by  means  of  the  defi- 

nite  integral 

P  log.  cos(9cos2ra  =  (-ly-i.-.-, 
1  4  r 

Jo 

(9.)  by  expanding  V  1  +  -  in  terms  of  a,  adding  the  resulting  series 
by  means  of  the  definite  integral 


-  1 

^cWcoe"dco8nO— ^.  ~, 

0 


and  combining  the  definite  integrals  arising  from  the  process,  by  the  rule 
for  the  addition  of  binomial  surds.    To  obtain  (10.)  we  expand  -5 — 

€^+1 

in  terms  of  a,  and  then  sum  the  series  by  means  of  the  integral 


-  1 

^  c£6  cos  »6  cos  n6  =5  - .  ri. 


•^0 


(13.)  is  found  in  a  similar  manner.    (14.)  is  obtained  by  using  the  integral 

-— — —y  and  (16.)  by  means  of  the  integral  which  we  used  to  ob- 

Jdx 
r  by  means 
e'+l 

of  the  definite  integral  1     08inn0=(— 1)*+^-.     (40.)  is  derived  from 

(19.)  by  integrating  by  parts ;  but  this  integral  can  also  be  obtained  by 
expansion.    (21.)  and  (22.)  are  obtained  from  the  definite  integral 


i 


cos*-i6cM  cos  {<jtane+(n— 1)0}  (/a=:~t-', 
0 


(33.)  is  found  by  using  the  integral 

5  ^1 

*  (ia  e  cos^-i  6  sin  (n+ 1)  e  =  — TT  • '• 


J, 
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(34.),  (36.),  and  (60.)  arise  from  the  integrals 

cos  2raa .  dQ 


/*-  oo8  2mo.e<ie      r 

J^sinaa(l+6«)"'  J, 


cos  ae  (1+0*)* 


0 

(63.),  (64.x  and  (66.)  are  obtained  by  using  series  analogous  to 

€«*^cossinO+/ie««*^co8(2sin6)+/A"e»«**co8(3sine)+  .... 

and  (69.),  (60.),  and  (61.)  are  found  by  the  series 

arsindd— aJ^) 
fl?sine-2«^sin2a+ar'8in36-.  .  >'=,,  ,  o         n  .  J^va' 

(l+2a?  cos  6+ar)* 

The  series  employed  are  considered  as  convergent,  according  to  the 
rule  given  by  Cauchy.  On  account  of  the  great  importance  of  the  sub- 
ject of  convergent  series,  I  have  thought  that  mathematicians  would  be 
interested  to  see  how  the  results  of  Cauchy  are  confirmed  by  a  method 
given  by  me  in  the  *  Proceedings  of  the  Eoyal  Society'  for  1872,  vol.  xxL 
page  20,  and  which  was  afterwards  discovered  independently  by  Sir  W. 
Thomson.    Let  u^+WjO?  +  u^t?*  +  .  .  .  +  u^^-^-  ...  be  any  series,  then 

X  call  ^-^^  when  n  increases  without  limit  the  ultimate  ratio  of  the 

series,  and  denote  it  by  p.    Then  if  or  is  less  than  -,  the  series  will  be 
convergent. 

Now  consider  the  function  -      -  which  we  have  employed  in  these 
investigations. 

Since  r  +  — tTT  ^^  ^^  series  comprising can  contain  no 

even  powers,  and  therefore  we  may  assume 

— — «tt^  +  Wja?  +  tt,a?*  +  tt,a?»+  .. . 

Expanding  e'+l  in  terms  of  x^  and  multiplying  the  series  together, 
we  obtain 

^+^  +  t:2 +1717374+ ••••"^' 

orl  +  l+^^-l-  +  !^\^^.— i— 
u^j^i  1.2      t42»-i  tt3»+i     1.2.3.4 

Let  n  increase  without  limit,  and  then 


14a»_l         U9n-S 
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whence  1  +  cos  -i  «  0,  which  gives 

111 
.p._-j,or-gp,or-^....; 

that  is  to  say,  the  series  will  be  conyergent  if  —^  — ,  —-r  ...  are  all 

less  than  unity — ^that  is,  if  «  is  less  than  w ;  which  accords  with  the 
result  given  by  Cauchy. 

Let  us  next  consider  the  series 

«^+'  «  u^  +  t»i^  +  tt^  +  . . . , 

we  easily  obtain  by  differentiation  the  following  equation  for  deter- 
mining  tf|„ 

(n+1)  u„+i  «  u,  +  2u««i, 

which  may  be  written 

As  n  increases  without  limit,  — ^  » ap,  and  the  equation  becomes 

p'a  0,  or  p  B  0,  whence  the  series  is  conyergent  however  great  x  may 
become. 


Presents  received^  June  14,  1877. 
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Kazan : — ^Imperial  Uniyersity.    Uchenuiya  Zapiski  (Scientific  Notes). 
1875.  No.  1-6.  8vo.                                               The  University. 
Xausanne : — Soci^t^  Yaudoise  des  Sciences  Naturelles.  Bulletin.  2*  S, 
Vol.  XIV.  No.  77.  8vo.  1877.  The  Society. 
"  Leeds :— Philosophical  and  Literary  Society.      Annual  BepOrt  for 
1876-76.  8vo.  1876.                                                  The  Society. 
London: — Anthropological  Listitute.    Journal.  Vol.  VI.  No.  4.  Sto. 
1877.                                                                        The  Institute. 
Linnean  Society : — Journal.    Zoology.  Vol.  XTTT.  No.  67, 68.  Svo. 
Botany.  Vol.  XV.  No.  88, 89.  8vo.  1877.                 The  Society. 
Mathematical  Society.    Proceedings.  No.  101-111.  8vo.  1876-77. 

The  Society. 
Meteorological  Society.    Quarterly  Journal.  New  Series.  Vol.  III. 
No.  21,  22.  8vo.  1877.  The  Society. 

Physical  Society.    Proceedings.  Vol.  11.  Part  2.  8vo.  1877. 

The  Society. 
Quekett  Microscopical  aub.    Journal.  No.  31-33.  8vo.  1876-77. 

The  Club. 

Boyal  Geographical  Society.    Proceedings.   Vol.  XXI.   No.  1-3. 

8vo.  1877.  The  Society. 

Boyal  Institution.    Proceedings.  Vol.  VITT.  Part  3  (No.  66).  Svo. 

1877.  The  Institution. 

Boyal  Medical  and  Chirurgical  Society.    Proceedings.  Vol.  VIII: 

No.  3.  8vo.  1877.  The  Society. 

Victoria  Institute.    Journal  of  Transactions.  Vol.  XI.  No.  41.  Svo. 

1877.  The  Institute. 

Zoological  Society.      Transactions.   Vol.  X.    Part  1.    4to.    1877. 

Proceedings  of  the  Scientific  Meetings  for  1877.  Part  1.   Svo. 

1877.  The  Society. 

Manchester : — Geological  Society.   Transactions.  Vol.  XIV.  Part  9, 10. 

Svo.  1877.  The  Society. 

Montreal: — ^Natural-History    Society.      Canadian  Naturalist.    New 

Series.  Vol.  VLII.  No.  4.  Svo.  1877.  The  Society, 

Moscow : — Soci^t^  Imperiale  des  Naturalistes.     BuUetin.  Ann^  1876. 

No.  3, 4.  Svo.  1876-77.  The  Society. 

Newcastle-upon-Tyne: — Chemical  Society.    Transactions.    Vol.  III. 

Part  9-14.  Svo.  1876-77.  The  Society. 

Oxford : — Ashmolean  Society.    Beport  for  the  year  1876.  Svo. 

The  Society. 

Paris : — Soci^t^  Geologique  de  France.    Bulletin.  3'  S^rie.  Tome  IV. 

No.  8-10 ;  Tome  V.  No.  2,  3.  Svo.  1877.  The  Society. 
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Transactions  (continued), 

Philadelphia: — Academy  of  Natural  Sciences.      Proceedings.   1876. 

8to.  The  Academy. 

Toronto :— Canadian  Institute.     Canadian  Journal.  Vol.  XV.  No.  5. 

Svo.  1877.  The  Institute. 


Beports,  Observations,  Ac. 

Birmingham : — ^Fifteenth  Annual  Beport  of  the  Free  Libraries  Com- 
mittee. 1876.  8vo.  The  Committee. 

Cape  of  Good  Hope : — Eoyal  Observatory.  Eesults  of  Astronomical 
Observations  made  during  1874  tinder  the  direction  of  E.  J.  Stone, 
F.E.S.  8vo.  Cape  Town  1877.  Tables  for  facilitating  the  Com- 
putation of  Star  Constants.  8vo.  E.  J.  Stone,  F  JL.S. 

Cronstadt : — Compass  Observatory.  Morskoi  Sbomik  (Marine  Collec- 
tions). 1876.  No.  6-12 ;  1877.  No.  1-4.  8vo. 

The  Observatory. 

London : — British  Museum.  A  Guide  to  the  Exhibition  Booms  of  the 
Departments  of  Natural  History  and  Antiquities.  8vo.  1877. 
Illustrations  of  typical  specimens  of  Lepidoptera  Heterocera,  by 
A.  G.  Butler.  Part  1.  4to.  1877.  The  British  Museum. 

Montreal : — Philadelphia  International  Exhibition.  Descriptive  Cata- 
logue of  a  Collection  of  the  Economic  Minerals  of  Canada.  8vo. 
1876.  The  Geological  Survey. 

Moscow : — ^I'Observatoire.    Annales.  Vol.  m.  liv.  2.  4to.  1877. 

The  Observatory, 

Paris  : — £cole  des  Mines.  Annales  des  Mines.  7*  S^rie.  Tome  X. 
6  liv.  de  1876.  8vo.  The  ficole. 


Bellin  (A.  G.)    L'Exposition  TTniverselle,  poeme  didactique.  Svo.  Paris 
1867.  The  Author. 

Dana  (J.  D.)    On  Cephalization.  Part  5.  8vo.  New  Haven  1876. 

The  Author. 
Dedekind  (B.)    Cher  die  Anzahl  der  Ideal-Gassen  in  den  verschiedenen 
Ordnungen  eines  endlichen  Korpers.  4to.  Braunschweig  1877. 

Dr.  Siemens,  F.B.S. 

Neumayer  (M.)    La  Tempfite  du  12  Mars  1876.  Note  Suppl^mentaire. 

8vo.  Bruxelles.  The  Author. 

Morren  (Ed.)     Correspondance  Botanique.     Liste  des  Jardins,  des 

Chaires  et  des  Mus^s  Botaniques  du  Monde.  8vo.  Liege  1876. 

The  Author. 
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Packard  (A.  8.)    List  of  Scientific  Works  and  Memoirs.  1861-76.  Sto. 

The  Author. 

Eayleigh  (Lord),  FJLS.    The  Theory  of  Sound.  Vol.  I.  8vo.  Land&n 

1877.  The  Author. 


June  21, 1877. 

Transactions. 

Berlin: — Konigl.  Preussische  Akademie  der  Wissenschaften."   Mo- 

natsbericht.    August-December  1876 ;    Januar,  Februar  1877. 

8yo.  The  Academy. 

Birmingham  : — Listitution  of  Mechanical  Engineers.     Proceedings, 

1877.  No.  1.  8vo.  The  Institution. 

Brussels : — Academie  Boyale  de  Belgique.    Bulletin.  2*  S^rie.  Tome 

XLIII.  No.  1-3.  8vo.  1877.  The  Academy. 

Academie  Boyale  de  M^ecine.      Bulletin.   3*  S^rie.   Tome  XL 

No.  1-4.  8vo.  1877.  The  Academy. 

Calcutta : — Geological  Surrey  of  Lidia.     Becords.  Vol.  X.  Ptoi  2. 

8vo.  1877.  The  Survey. 

GraE : — ^Naturwissenschaftlicher  Yerein  f iir  Steiermark.  Mittheilungen. 

Jahrgang  1876.  8to.  The  Society. 

Hobart  Town : — ^Boyal  Society  of  Tasmania.    Papers  and  Proceedings 

and  Eeport  for  1876.  8vo.  1876.  The  Society. 

Jena: — Medidnisch-naturwissenschaftliche  Gesellschaft.      Jenaische 

Zeitschrift  f iir  Naturwissenschaft.  Band  XI.  Neue  Folge.  Band 

IV.  Heft  1.  8vo.  1877.  The  Society. 

Leipzig: — Astronomische Gesellschaft.    Vierteljahrsschrift.  Jahrgang 

Xn.  Heft  1.  8vo.  1877.  The  Society. 

Lisbon : — ^Academia  Beal  das  Sciendas.    Jomal  de  Sciencias  Mathe- 

maticas  Physicas  e  Naturaes.  No.  21.  8yo.  Lisboa  1877. 

The  Academy. 
London: — British  Horological  Institute.    Horological  Journal.  No. 
221-227.  8vo.  1877.  The  Institute. 

Chemical  Society.    Journal  January  to  June  1877.  8yo. 

The  Society. 

Bast-India  Association.     Journal.  Vol.  X.   No.  2, 3.    8vo.   1877. 

The  Eastern  Question  in  its  Anglo-Indian  Aspect,  by  Bey.  J.  Long. 

8vo.  1877.  The  Assodatiao. 

Entomological  Society.    Transactions  for  1877.  Part  1.  8vo. 

The  Society. 

Geological  Society.    Quarterly  Journal.  Vol.  XXXm.   Part  1,  2 

(No.  129, 130).  8vo.  1877.  The  Society. 

Institution  of  Civil  Engineers.      Minutes  of  Proceedings.    VoL 

XLVni.  Session  1876-77.  Part  2.  8yo.  1877. 

The  Institution. 
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Transactions  (caniintted). 

London : — Odontological  Society.     Transactions.  Vol.  IX.  No.  3-7. 

8vo.  1877.    list  of  Members.  Svo.  The  Society. 

Pharmaceutical  Society.    Pharmaceutical  Journal  and  Transactions. 

June  to  December  1876 ;  Jan.  to  June  1877.    8yo.     Calendar. 

8vo.  1877.  The  Society. 

Photographic  Society.    Photographic  Journal.  No.  268.  New  Series. 

Vol.  I.  No.  1-9.  8vo.  1876-77-  The  Society. 

Boyal  Agricultural  Society.     Journal.    Second  Series.   Vol.  XIII. 

Part  1.  8vo.  1877.  The  Society. 

Boyal  Astronomical  Society.     Monthly  Notices.   Vol.  XXXVII. 

No.  4-7.  8vo.  1877.  The  Society. 

Eoyal  G^eographical  Society.    Journal.  Vol.  XL VI.  8vo.  1876. 

The  Society. 

Boyal  Institute  of  British  Architects.    Sessional  Papers.  1875-76. 

No.  10-15 ;  1876-77.  No.  1-11, 13.  4to.  The  Institute. 

Society  of  Arts.    Journal.  June  to  Dec.  1676 ;  Jan.  to  June  1877. 

8vo.  The  Society. 

Statistical  Society.    Journal.  VoL  XL.  Part  1.  8vo.  1877. 

The  Society. 
Lyon: — Sod^t^  de  Q^ographie.    Bulletin.  Tome  I.  No.  7.  8vo.  1877. 

The  Society. 

Manchester : — Scientific  and  Mechanical  Society.    Proceedings.  No.  6, 

8,  9,  13.  8to.  1876-77.  The  Society. 

Munich: — ^Eonigl.  Bayerische  Akademie  der  Wissenschaften.    Ab- 

handlungen  der  Philosophisch-Philologischen  Classe.  Band  XIV. 

Abth  1.  4to.  Munchen  1877.     Verstehen  und  Beurtheilen,  von  C. 

vonPrantl.  4to.  1877.  DiegeognosticheDurchforschungBayems, 

von  C.  W.  Giimbel.  4to.  1877.  The  Academy. 

Paris : — £oole  Normale  Sup^rieure.    Annales  Scientifiques.  2*  S^rie. 

Tome  VI.  No.  5,  6.    Supplement.  No.  1.  4to.  1877. 

The  Institution. 
Society  de  G^graphie.    Bulletin.  Jan.,  F^v.,  Mars  1877.  Svo. 

The  Society. 

Philadelphia  :—Eranklin  Institute.      Journal.    No.   613-618.    8vo. 

1877.  The  Institute. 

Bome: — Accademia  Pontifida  de'  Nuovi  Lincei.      Atti.   Anno  29. 

Sess.  6-7 ;  30.  Sess.  1-2.  4to.  1876-77.  The  Academy. 

B.  Accademia  dei  Lincei.      Atti.    Serie  terza.  Transunti.    Vol.  I. 

fiisc.  6.  4to.  1877.  The  Academy. 

E.  Comitate  Geologico  d'  Italia.    Bollettino.  No.  1-4.  8vo.  1877. 

The  Institution. 

St.  Petersburg : — ^Acad^mie  Imp^riale  des  Sciences.    Bulletin.  Tome 

XXni.  No.  2,  3.  4to.  1877.  The  Academy. 

VOL.  XXVI.  2  c 
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Transactions  (continued). 

Stockholm  : — Eongl.  Vetenskaps  Akademie.     Ofversigt  af  . . .  For- 
handlingar.  Arg.  XXXTTI.  No.  ^10.  Svo.  1876-77. 

The  Academ  J. 

Sydney : — Linnean  Society  of.  New  South  Wales.    Proceedings.  YoL  L 

Part  4.  Svo.  1877.  The  Society. 

Trieste : — Society  Adriatica  di  Science  NaturaU.    BoUettino.  Vol.  UL 

No.  1.  8vo.  1877.  The  Society. 

Vienna : — ^Anthropologische  G^esellschaft.    Mittheilongen.   Band  TI. 

No.  1-6 ;  Band  Vn.  No.  1-3.  8vo.  1876-77.  The  Sodety. 

Kaiserliche  Akademie  der  Wissensdiaften.    Anzeiger.  Jahi^.  XUL 

No.  16-28 ;  Jahrg.  XIV.  No.  1-12.  8vo.  1876-77. 

The  Society. 

Osterreichische  Oesellschaft  fur  Meteorologie.  Zeitschrift.  Band  XL 

No.  12-24;  Band  Xn.  No.  1-11.  The  Society. 

Wiirzburg : — Physikalisch-Medicinische  Gesellschaft.   Verhandlungen. 

NeuePolge.  BandX.  Heft  3, 4.  8vo.  1877.  The  Society. 


Beports,  Observations,  &c. 

Adelaide : — Observatory.    Meteorologicfd  Observations.  Jan.  to  Sept. 
1876.  folio.  The  ObservatOTy, 

South-Australian  Institute.    Annual  Beport,  1876-76.  4to.  1876. 

The  Institute. 
Ballaarat : — School  of  Mines.    Annual  Beport  for  1876.  8va 

The  SchooL 

Brisbane : — Statistics  of  the  Colony  of  Queensland  for  1874,  1875. 

folio.  1876.    Vital  Statistics.  1876.    Sixteenth  Annual  Beport. 

folio.  The  Begistrar-Oeneral  for  Queensland. 

Brussels  :— rObservatoiie  Eoyal.    Annales.  1876.  S.  6-12;  1877.  f.  1. 

4to.  BruxeUes.  The  Observatory. 

Cambridge  [Mass.] : — ^Museum  of  Comparative  Zoology  at  Harvard 

College.    Bulletin.  Vol.  III.  No.  16, 16.  8vo.  1876.     Annual 

Beport  of  the  Trustees  for  1876.  Svo.  The  Museum. 

Dublin :— Weekly  Eetums  of  Births  and  Deaths.    Vol.  XUL  No.  24- 

62;  Vol.  XIV.  No.  1-24.    Quarterly  Eetums.  No.  60-63.  8vo. 

1876-77.  The  Eegistrar^teneral  for  Ireland. 

Kiel : — Eommission  zur  ITntersuchung  der  deutschoi  Meere.    Ergib- 

nisse  der  Beobachtungs-Stationen  an  den  deutschen  Kiisten  iiber 

die  physikalischen  Eigenschaften  der  Ostsee  und  Nordsee  und  die 

Fischerei.  1876.  Heft  10-12;  1876.  Heft  1-9.  4to.  Berlin. 

The  CommissioD. 
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Beports,  Observfttions,  Ac.  {continued). 

London : — ^Meteorological  Offiee.  Hourij  Beadings.  Oct.-Dee.  1876. 
folio.  Meteorological  Obserrations  at  Stations  of  the  Second 
Order  for  1875.  Part  2.  4to.  1877.  Supplement  to  the  Beport 
of  the  Permanent  Committee  of  the  First  Int^national  Congress 
at  Vienna.  8vo.  1877.  The  Office. 

Soyal  Architectoral  Moseom.    Catalogue  of  Collection.  1877. 

The  Museum. 
Manchester: — Studies  from  the  Physiological  Laboratory  of  Owens 
College.  8to.  Cambridge  1877.  Dr.  Gamgee,  r.E.S. 

Melbourne : — Observatory.  Eleyenth  Eeport  of  the  Board  of  Visitors, 
folio.  1876.  Monthly  Becord  of  Besults  of  Observations  in 
Meteorology,  Terrestrial  Magnetism,  Ac.  Dec.  1875 ;  Jan.-Sept. 
1876.  8vo.  The  Observatory. 

Statistical  Begister  of  the  Colony  of  Victoria.  1875.  Pftrt  1, 2, 3, 4, 
6,  7, 9.  folio.  Agricultural  Statistics.  1875-76.  folio.  Austra- 
lasian Statistics  for  1875.  folio.  Statbtics  of  Friendly  Societies 
for  1875.  folio.  Mineral  Statistics  for  1875.  folio.  Beport  of 
the  Chief  Inspector  of  Mines  for  1875.  folio.  Beports  of  the 
Mining  Surveyors.  4nos.  folio.  1876.  Abstracts  of  Spedfications 
of  Patents.— Metals.  Part  2.  4to.  1876.  Patents  and  Patentees. 
Vol.  VIII.  4to.  1875.    Victorian  Tear-Book  for  1875.  8vo. 

The  Begistrar-Q^neral  for  Victoria. 

Milan : — ^Beale  Osservatorio  di  Brera.    Pubblicazioni  No.  11.  Sugli 

Eclissi  solari  totali  del  3  giugno  1239  e  del  6  ottobre  1241. 

Memoria  di  Giovanni  Celoria.  4to.  1876.  The  Observatory. 

Oxford : — Catalogue  of  Books  added  to  the  Badcliffe  Library,  Oxford 

University  Museum,  during  1876.  4to.  1877. 

Dr.  Acland,  F.B.S. 
Paris : — Bulletin  de  Statistique  Municipale.  Jan.-Dec.  1876.    Bulletin 
B^pitulatif .  1875.  4to.  The  Prefect  of  the  Seine. 

D^pdt  de  la  Marine.  Annales  Hydrographiques.  1875.  trim.  4 ; 
1876.  trim.  1-3.  Becherches  sur  les  Chronom^tres;  Cahier  10, 
11.  8vo.  1876.  Annuaire  des  Mar^  des  Cdtes  de  France  pour 
I'An  1877.  12mo.  1876.  Mer  de  Chine.  Partie  3.  8vo.  1876. 
Mer  du  Nord.  Partie  3.  8vo.  1876.  Mer  M^diterran^.  8vo. 
1875.  MerBaltique.  8vo.  1875.  Pilote  de  la  Guadeloupe.  8vo. 
1875.  Pflote  de  la  Manche.  Partie  3.  8vo.  1875.  Pilote  des 
Cdtes  Nord  de  France.  Vol.  L  8vo.  1876.  Pilote  des  Cdtes  Sud. 
Texte.  8vo.  1876.  Vues.  4to.  Supplement  k  Tlnstruction.  No. 
421.— Afrique,  cdte  sud  et  est.  8vo.  1875.    Fifty-five  Maps. 

The  D^pot. 
Borne : — Osservatorio  del  Collegio  Bomano.    Bullettino  Meteorologico. 
Vol.  XV.  No.  5-8, 10-12;  Vol.  XVI.  No.  1-4.  4to.  1876-77. 

The  Observatory, 
2o2 
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Beports,  Observations,  &c.  (eanUnued). 

VTienna : — Jahresbericht  des  Wiasenschaffclichen  Club.  1876-77.  8to. 
Wien  1877.  The  Qub. 

Washington: — ^United-States  Geologicfd  Survej  of  the  Territoriee. 
Miscelhmeous  Publications.  No.  1.  lists  of  Elevations.  8vo. 
1877.  The  Survey. 

Wellington: — Colonial  Museum  and  G^logical  Survej  of  New  Zealand. 
Eleventh  Annual  Beport  on  the  Colonial  Museum.  8vo.  1876. 

The  Survey. 
Statistics  of  the  Colony  of  New  Zealand  for  1875.  folio. 

The  Begistrar-G^neral  for  New  Zeabuid. 

Zurich : — ^MeteorologischeCentralanstalt  der  schweizerischen  Naturfor- 

schenden  G^esellschaft.      Schweizerische  Meteorologische  Beo- 

bachtungen.  Jahrgang  XL  lief.  6, 7 ;  J.  XII.  L.  4,  5 ;  J.  XIII. 

L.  1-4.  4to.  1874-76.  The  Society. 


Journals. 
American  Journal  of  Science.  Jan.  to  June  1877.  8vo.  New  Haven. 

The  Editors. 
Analyst.  No.  11, 12, 13,  16.  8vo.  London  1877.  The  Editor. 

Ann^e  (L')  M^cale.  Ann^  1.  No.  8-12 ;  Ann^  2.  No.  1-6.  8vo. 

Caen  1876-77.  The  Editor. 

Appalachia.  Vol.  I.  No.  2.  8vo.  Boston  IU.S.^  1877.         The  Editor. 
AthensBum.   June  to  December  1876 ;  January  to  June  1877.   4to. 

London.  The  Editor. 

Builder.  June  to  December  1876 ;  January  to  June  1877.  folio.  London. 

The  Editor. 
Bullettino  di  Bibliografia  e  di  Storia  delle  Sdenze  Matematiche  e 

Fisiche,  pubblicato  da  B.  Boncompagni.    Tomo  IX.  Not.,  Dec 

1876 ;  Tomo  X.  GFennaio,  Feb.  1877.  4to.  Boma.      The  Editor. 
Chemical  News.  June  to  December  1876 ;  January  to  June  1877.  4to. 

London.  The  Editor. 

Educational  Times.  July  to  December  1876 ;  January  to  June  1877. 

4to.  London.  The  Editor. 

Geographical  Magazine.   July  to  December  1876 ;  January  to  June 

1877.  4to.  London.  Messrs.  Triibner. 

Indian  Antiquary,  edited  by  James  Burgess.  Part  55-67.  4to.  Bombay 

1876-77.  The  Editor. 

Medical  Examiner.   June  to  Dec  1876;  Jan.  to  June  1877.   4to. 

London.  The  Editor. 

Mondes  (Les).  June  to  December  1876 ;  January  to  June  1877.  8vo. 

Paris.  r  Abb^  Moigna 
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Journals  (continued). 

Nature.  June  to  December  1876  ;   January  to  June  1877.  roy.  8vo. 
London,  Messrs.  Macmillan. 

Nautical  Magazine.  May,  June  1877.  8vo.  London.  The  Editor. 

New  York  Medical  Journal.  Vol.  XXV.  No.  1-6.  8vo.  1877. 

The  Editor. 

Notes  and  Queries.  June  to  December  1876 ;  January  to  June  1877. 

4to.  London.  The  Editor. 

Observatory,  a  Monthly  Eeview  of  Astronomy,  edited  by  W.  H.  M. 

Christie.  No.  1-3.  8vo.  1877.  The  Editor. 

Philosophical  Magazine.  July  to  December  1876 ;  January  to  June 

1877.  8vo.  London,  W.  Francis. 

Popular  Science  Eeyiew.  New  Series.  No.  1,2.  8vo.  London  1877. 

The  Editor. 
Quarterly  Journal  of  Science.  No.  51-54.  8vo.  London  1876-77. 

The  Editor. 
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*'  On  the  Hindoo  Division  of  the  Octave,  with  some  Additions 
to  the  Theory  of  Systems  of  the  Higher  Orders"*  By  R.  H.  M. 
Bosanquet,  Fellow  of  St.  John's  College,  Oxford.  Commn- 
nicated  by  Prof.  Henbt  J.  S.  Smith,  F.R.S.,  Savilian  Pro- 
fessor  of  Geometry  in  the  University  of  Oxford.  Received 
January  5,  1877.     Read  February  Sf. 

My  attention  has  been  recently  drawn  to  some  publications  which 
appear  to  afford  trustworthy  information  concerning  the  musical  intervals 

*  Some  time  after  the  paper  was  read,  the  author's  attention  waa  called  to  M.  Fetia*! 
work,  a  reference  to  which  is  embodied  in  the  paper. 
t  See  Proo.  Boy.  Soc  toI.  xxt.  p.  640. 
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in  use  among  the  Hindoos  *.  In  particular  it  appears  that  the  foundation 
of  their  system  is  a  diyision  of  the  octaye  into  22  interrals,  which  are 
called  S'mtis,  I  propose  to  discuss  this  system  in  the  light  of  the  theory 
formerly  communicated  to  the  Boyal  Society  t ;  and  as  it  is  one  of  what 
I  have  called  the  higher  systems,  and  the  theory  of  such  systems  has  not 
been  sufficiently  developed,  I  take  the  opportunity  of  adding  what  ia 
necessary  for  the  classification,  discussion,  and  practical  treatment  of  the 
principal  systems  of  this  character. 

S<»ne  light  may  be  thrown  on  the  object  of  the  paper  by  the  following 
quotation  from  the  work  of  Fetis  before  referred  to.  After  an  exhaustive 
treatment  of  the  various  accessible  scales,  tunes,  &c.,  from  the  artistic 
point  of  view,  he  sums  up  in  the  following  words : — 

"lyailleurs,  pour  ^tablir  d'une  mani^re  certaine  T^tat  vMtable  de  la 
musique  indienne  de  nos  jours,  il  faudrait  qu'elle  eiit  ^t^  ^tudi^  sur  les 
lienx  par  un  musiden  poss^dant  une  eonnaissance  complete  de  Tart  et  de 
la  science,  ce  qui  n'a  pas  eu  lieu  josqu'aujourdliuL  Cette  ^tude  ezigerait, 
pour  Stre  bien  faite,  non  seulement  le  savoir  technique,  m^  un  esprit 
observateur  d^ag^  de  tout  syst^me  pr^congu.  Dans  ces  conditions 
seulement,  on  parviendrait  k  determiner  avec  exactitude  la  nature  de  la 
tonality  des  chants  de  Tlnde  modeme,  ce  que  n'ont  fait  ni  Fowke,  ni 
W.  Ouseley,  ni  WiUard,  ni  m6me  W.  Jones  ;  car  leurs  appreciations  h 
oe  sujet  n'ont  pas  la  rigoureuse  precision  qui  est  indispensable  dans  les 
recherches  de  ce  genre." 

The  point  of  the  present  paper,  so  far  as  it  relates  to  Hindoo  music,  is 
that  until  we  have  a  general  means  of  producing  and  controlling  such 
systems  as  are  likely  to  be  met  with  on  instruments  with  fixed  tones 
(e.  g,  the  harmonium),  and  of  thus  comparing  such  systems  with  actual 
facts,  we  can  have  no  certainty  as  to  the  results,  at  least  in  the  present 
state  of  musical  education. 

Fetis  employs  the  principle  of  the  comparison  of  intervals  with  equal 
temperament  semitones,  which  is  the  basis  of  the  writer's  methods ;  but 
he  uses  it  only  for  the  purpose  of  speculating  on  the  connexion  between 
the  Hindoo  system  of  22,  and  a  division  of  the  octave  into  24,  or  of  each 
semitone  into  two  equal  parts,  a  comparison  by  which  nothing  appears  to 
be  gained.  The  use  of  the  method  for  instituting  comparisons  with  perfect 
consonances  has  escaped  him.  And  yet  it  appears  (Fetis,  vol.  ii.  p.  278) 
that  the  vina  (the  historic  instrument  of  Indian  music)  is  tuned  by  con- 
cords, forming  a  complete  major  chord  on  the  open  strings.  This  is 
enough  of  itself  to  suggest  the  necessity  of  an  inquiry  into  the  relations 
between  the  system  of  22  and  perfect  concords. 

The  Hindoo  scale  has  several  forms ;  that  which  is  described  by  most 

*  '  Hindu  Mosic,  from  Tarious  Aathora/  Part  I.,  S.  M.  Tagore,  Pros.  Bengal  Muaio 
School,  Ac.    Fetis, '  Histoire  G^n^rale  de  la  Muaique/  toI.  ii. 

t  Froo.  Boy.  Soo.  1875,  toI.  zxiii.  p.  390 ;  and  *  An  Elementary  Treatise  on  Musical 
Ibterrals  and  Temperament'  (Maomillan,  1876). 
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of  the  writers,  and  seems  accepted  as  fundamental,  is  represented  com- 
monly as  follows,  S'rutis  being  such  that  22  of  them  make  on  octaye : — 


8'rutu. 

Hindoo  luunet. 

Boropean  naniM. 

4 

.8a 

C 

Bi 

D 

3 

. 

2 

^Ga 

E 

Ma 

F 

4 

Pa 

G 

4 

3 

Dha 

A 

'.Ni 

B 

2 

• 

Sa 

C 

The  above  scale  is  called  the  Shadja  Gniroa. 

Another  form  called  Madhjama  Ordma  is  precisely  similar  to  the  above, 
except  that  the  intervals  Pa-Dha  and  Dha-Ni  are  inverted ;  so  that  we 
have 

rPa  G 

3  ] 

Dha  A 

4  \ 

iNi  B 

There  is  a  third  principal  form,  the  constitution  of  which  appears  un- 
certain ;  but  the  two  above  given  are  suggestive,  and  are  enough  to  make 
clear  to  us  the  general  nature  of  the  arrangement. 

In  fact,  if  we  suppose  for  a  moment  that  the  fifths  and  thirds  of  this 
scale  are  perfect,  which  is  not  exactly  true,  we  see  that  the  first  fonn, 
Shadja  Ordma,  is  the  form  we  should  give  to  the  scale  in  just  intonation, 
when  we  wish  to  retain  the  ordinary  second  of  the  key,  and  raise  the 
sixth  of  the  key,  so  as  to  form  a  good  fifth  with  the  second  (e,  g.  in  the 
key  of  c  we  should  raise  \  a  to  a,  so  as  to  get  the  good  fifth,  d-a).  The 
other  form,  Madhyama  Grdma,  corresponds  to  the  diatonic  scale  as  OTdi- 
narily  given. 

Are  the  S'rutis  all  equal  in  value?  The  native  writers  say  nothing 
about  this,  but  the  European  ones  for  the  most  part  suggest  that  they  are 
not.  For  instance,  an  English  reviewer  recently  wrote,  ''A  S'ruti  b  a 
quarter  tone  or  a  third  of  a  tone  according  to  its  position  in  the  scale.** 
This  appears  to  be  a  misapprehension  arising  from  the  modem  idea  that 
each  interval  of  a  tone  in  the  scale  is  necessarily  the  same.  But  the 
language  in  which  the  different  forms  of  the  scale  is  described  distinctly 
indicates  that  a  note  rises  or  falls  when  it  gains  or  loses  a  S'ruti ;  con- 
sequently we  may  infer  that  the  S'rutis  are  intended  to  be  equal  in  a 
general  sort  of  way,  probably  without  any  very  great  precision. 

We  shall  now  show  that  the  fifths  and  thirds,  produced  by  a  division 
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of  tlie  octaye  into  22  equal  interyals,  do  not  deviate  very  widely  from  tJie 
exact  intervals,  which  are  the  foundation  of  the  diatonic  scale. 

For  this  purpose  we  shaU  only  need  to  recall  the  values  of  the  perfect 
fifth  and  third  in  terms  of  equal  temperament  semitones  of  12  to  the 
octave.  A  simple  calculation  will  give  us  the  values  of  the  corresponding 
intervals  of  the  system. 

The  perfect  fifth  is  7*01955  semitones, 

or  Tgj  nearly. 

The  perfect  third  is  4^*13686  semitones, 

or  4—^  nearly. 

To  find  the  interval  in  semitones  made  by  a:  units  of  the  system  of  22, 
we  have 

12  6 

22^  or  Yi^-  • 

Hence  we  obtain  the  following  values : — 

Sy9temof22.^ 

No;  of  Interralin  Exact  interral 

Intervals.  unitB.  Bemitonea.  in  BemitonM. 

Major  third 7  3-8182  3-8631 

imh     . .-. 13  7-0909  7-0195 

Hence  the  fifth  of  the  system  of  22  is  sharp  by  about  '07,  or  g  of  a 
comma  very  nearly. 
The  major  third  is  flat  by  '045,  or  g  of  a  comma  nearly. 

(Comma  of  g^^ -21506.) 

The  system  of  22  possesses,  then,  remarkable  properties ;  it  has  both 
fifths  and  thirds  considerably  better  than  any  other  cyclical  system  having 
so  low  a  number  of  notes.  The  only  objection,  as  far  as  the  concords  go, 
to  its  practical  employment  for  our  own  purposes  lies  in  the  fifths ; 
these  lie  just  beyond  the  limit  of  what  is  tolerable  in  the  case  of  instru- 
ments with  continuous  tones.    (The  mean  tone  system  is  regarded  as 

the  extreme  limit ;  this  has  fifths  ^  of  a  comma  fiat.)     For  the  purposes 

of  the  Hindoos,  where  no  stress  is  laid  on  the  harmony,  the  system  is 
already  so  perfect  that  improvement  could  hardly  be  expected. 

It  is  thus  wrong  to  suppose  that  the  system  of  22  would  need  much 
tempering  to  bring  its  concords  into  tune.  These  are  probably  quite  as 
accurate  as  rough  and  poorly  toned  instruments  admit  of. 

But  although  the  consonance  error  of  fifth  and  third  is  small,  it  is  far 
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otherwise  with  the  deviations  of  the  other  intemdB  of  the  scale  from  the 
values  to  which  Europeans  are  accustpmed. 

System  of  22. 

Interval.  Difference  of         Units.      InterraL    Exact  interraL 

Fifth 


r  Fifth  1 

Fourth   J         and  I       9        4-9091        4-9805 

I  Octave  J 

r  Fourth  1 

\        and  [ 

[  Fifth  J 

) 


Fourth 
Major  tone    -{        and         [       4        2-1818        2-0391 


r       Third 

Minor  tone    ^         and         ]-       3        1-6363        1-8240 

.  Major  tone 

•  r       Third       -j 

Major  semitone <         and         I       2        1-0909        1-1174 

I      Fourth      J 

r       Fifth       ^ 

Minor  third  i        and         I       6        3-2727        3-1564 

I       Third      J 

r  Major  third  ^ 

Minor  semitone "j         and         I       1  -5454  -7067 

[  Minor  third  J 

In  regarding  these  numbers  we  must  remember  that,  as  far  as  Euro- 
pean musicians  are  concerned,  the  deviation  from  equal  temperament  is 
the  most  important  thing  in  a  melodic  point  of  view ;  and  this  is  expressed 
in  every  case  by  the  notation  adopted  for  the  intervals.  Intervals  which 
deviate  widely  from  equal  temperament  sound  out  of  tune  to  the  Euro- 
pean ear ;  and,  as  harmony  is  not  employed,  the  justification  which  deri- 
vation from  perfect  concords  is  felt  to  give  in  harmony  has  no  oppor- 
tunity of  asserting  itself. 

The  only  method  by  which  it  will  be  possible  to  make  reliable  investi- 
gations on  the  interA'als  practically  used  in  India  will  be  to  provide  some 
instrument  suitable  for  manipulating  the  system  of  22  divisions  in  the 
octave,  and  then  to  compare  its  intervals  with  those  given  by  the  Indian 
musicians.  It  will  thus  be  possible  to  find  out  what  is  the  extent  o(  the 
tempering,  if  any,  which  they  employ.  The  education  of  the  Europeui 
ear  is  as  yet  so  imperfect  that  no  reliance  can  be  pkced  on  estimations  of 
intervals,  other  than  integral  numbers  of  equal  temperament  semitones 
if  made  by  ear  only,  even  with  skilled  musicians.  The  habit  of  estimatmg 
fractions  of  intervals  numerically  by  ear  is  completely  uncultivated  among 
us  ;  and  the  value  to  be  set  on  the  dicta  of  casual  European  observers 
is  in  consequence  little  or  nothing. 
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I  shall  presently  indicate  the  mode  in  which  the  principles  of  the  gene- 
ralized keyboard  permit  us  to  construct  an  instrument  that  will  deal  prac- 
ticallj  with  this  system  of  22,  and  exhibit  in  a  graphical  manner  the  sin- 
gular laws  of  harmony  to  which  its  notes  are  subject. 

Theory  of  the  Higher  Systems. 

Let  us  recall  what  is  meant  by  the  order  of  a  system. 

(The  letters  E.T.  are  used  as  an  abbreviation  for  "  equal  temperament.'') 

The  E.T.  fifth  is  7  semitones ; 

the  octave  is  12  semitones. 

.-.  12  E.T.  fifth8=7  octaves=84  semitones. 

The  perfect  fifth,  on  the  other  hand,  is  (very  nearly)  7^ ;  so  that  12 

perfect  fifths  =  Si^- 

And  in  other  systems  there  is  always  a  small  difference  between  12  fifths 
and  7  octaves.  Now  the  simplest  way  in  which  this  can  be  treated  is  to 
make  this  small  difference  the  unit  of  the  system.  When  this  is  done 
the  system  is  said  to  be  of  the  first  order. 

But  sometimes  this  small  difference  is  more  than  one  unit :  if  it  is 
divided  into  two  units,  we  say  that  the  system  is  of  the  second  order ;  if 
into  three,  of  the  third,  and  so  on. 

The  forms  of  arrangement  into  scales  and  laws  connecting  the  harmony 
of  fifths  and  thirds  depend  primarily  upon  the  orders  of  systems. 

Beferring  back  for  the  details  of  the  investigation  to  my  previous  com- 
munication already  cited,  I  recall  only  that  the  systems  of  each  order 
proceed  by  differences  of  12,  and  that  for  the  first  three  orders  they  are 
as  follows : — 


41  53 

118 
39 

The  accompanying  illustration  (Diagram  I.)  will  make  clearer  what  is 
meant  by  saying  that  the  system  of  22  is  a  system  of  the  second  order. 
The  numbers  are  the  characteristic  numbers  of  the  system ;  they  are 
arranged  in  order  of  fifths,  t.  e.  they  proceed  by  differences  of  13,  22 
being  always  cast  out.  The  departure  of  the  sharp  fifths  from  E.  T.  is 
represented  by  displacement  in  a  vertical  direction. 

Then  the  circle  of  12  fifths  has  its  terminal  points  2  units  apart. 

Similarly  in  systems  of  the  rth  order,  the  circle  of  12  fifths  has  its 
terminal  points  r  units  apart. 

In  the  illustration  we  see  how  the  notes  may  be  introduced  which  form 
the  intervals  intermediate  between  the  terminal  points ;  thus  the  note  1 
is  introduced  midway  between  0  and  2. 


Order. 

1. 

17 

29 

2. 

22 

34 

3. 

15 

27 
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DiAOBAM  I. 

CSiaracteristic  numbers  of  system  of  22  in  order  of  fifths. 

2  2 

11 
20 
7 
16 
3 
1  12  1 

21 
8 
17 
4 
13 


Pmnatum  of  Thirds* 

Thirds  may  be  formed  either  by  the  notes  of  the  circle  of  fifths  with 
which  we  staort,  or  by  the  notes  of  another  circle  any  number  of  units 
above  or  more  generally  below  the  first. 

In  the  system  of  22  we  have  seen  that  the  third  is  7  units.  Looking 
at  the  circle  of  fifths,  the  third  by  4  fifths  up  is  8  units.  We  may  form 
the  third  to  any  note  therefore  by  ascending  through  4  fifths  of  the  series 
and  then  descending  one  unit ;  t .  e.  the  third  is  formed  in  the  circle  of 
fifths  one  unit  below  that  which  contains  the  fundamental. 

This  mode  of  formation  has  not  been  previously  considered.  It  leads 
to  the  following  observation,  which  is  important  in  the  practical  employ- 
ment of  the  systems : — 

Modulation  through  a  third,  in  systems  of  this  character,  cannot  be 
generally  treated  as  equivalent  to  modulation  through  any  number  of 
fifths. 

We  proceed  to  a  further  classification  of  the  hi^er  systems,  based  on 
this  property. 

By  definition,  the  interval  between  the  two  ends  of  the  circle  of  fifths 
is  r  units.  Let  r  circles  of  fifths  be  placed  in  juxtaposition,  so  that  cor- 
responding pairs  of  notes  are  all  one  unit  apart,  and  consider  the  third 
formed  with  the  starting  point  of  the  uppermost  series. 

Then  we  shall  define  a  system  as  being  of  class  x^  when  the  third  lies 
in  the  arth  series  below  the  upper  one. 

In  the  system  of  22,  the  third  (7)  to  e  (0)  lies  one  series  below  that  in 
which  c  is,  so  that  we  may  define  the  properties  of  the  system  <rf  22  by 
saying  that  it  is  of  order  2  and  dass  1. 

The  simplest  systems  of  higher  orders  are  those  which  form  their  thirds 
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either  by  4  fifths  up  or  8  fifths  down  in  the  same  series ;  these  maj  be 
spoken  of  as  of  order  r  ekes  0,  and  order  r  dass  r  respedivelj.  Both 
have  been  considered  in  my  paper  already  referred  to. 

I  proceed  to  indicate  sh(nrtly  the  general  expressions  by  means  of  which 
systems  can  be  discussed. 

The  departure  of  the  third  formed  by  4  fifths  up  is 

41. 
n 

In  a  system  of  class  x,  the  third  is  n^  units  lower,  and  its  departure  is 

4 X, &a-.4 •      (0 

n  n  n 

And  this  has  to  be  compared  with  the  departure  of  the  perfect  third, 
=  -•13686, 

=  -^  nearly. 

So  that  for  a  determination  of  the  class  of  any  system  n  of  the  rth 
order,  we  hare  the  approximate  condition 

3a?-t-=^  nearly (ii) 

The  formulse  (i)  and  (ii)  are  sufficient  for  any  required  discussion ; 
they  present  no  difficulty,  and  I  confine  myself  to  a  statement  of  a  few 
of  the  principal  results. 

The  departure  of  the  third  of  all  systems  of  order  2  class  1  is  repre- 
sented by 

4 
n* 

The  system  of  34,  of  order  2  dass  1,  presents  both  fifths  and  thirds  of 
exceptional  excellence.  This  system  may  be  of  interest  for  modem  pur- 
poses. 

Systems  of  the  third  order  and  first  class  have  equal-temperament 

thirds;  for  (i)  vanishes  whenora^:   or,  more  generally,  a  system  has 

o 

E.T.  thirds  when  the  niunber  of  the  class  is  ^  that  of  the  order. 

Systems  of  order  r  class  x  which  make  3x—r  negative  need  not  be 
considered,  as  their  thirds  are  sharper  than  E.T.  thirds. 

In  the  third  order,  class  2,  there  is  a  good  system  of  87. 

In  the  fourth  order,  class  2,  there  is  a  good  system  of  56. 

Neither  of  these  are  likely  to  be  of  practical  interest. 

Praetieal  Applications. 
In  the  light  of  the  foregoing  investigation  we  see  that  the  generalized 
keyboard,  as  hitherto  constructed,  is  of  limited  application ;  it  is  capable 
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of  controlling  only  systems  which  form  their  thirds  by  dther  4  fifths  up 
or  8  fifths  down.  The  systems  included  by  these  conditions  are  all  those 
of  the  first  order,  positive  and  negative,  and  all  systems  of  any  order  oi 
class  0  or  class  r.  These  embrace  aU  that  are  likely  to  be  interesting 
with  reference  to  European  harmonious  music,  with  the  possible  exception 
of  the  system  of  34  above  alluded  to. 

The  principles  of  position  on  which  the  keyboard  is  founded  are,  how- 
ever, applicable  to  all  higher  systems ;  and  I  shall  presently  investigate 
its  transformations.  The  keyboard  of  the  second  order  thus  obtained 
will  afford  a  means  of  controlling,  in  a  convenient  manner,  systems  of 
the  first  class  in  that  order,  and  dealing  with  facility  with  either  the 
Hindoo  system  of  22,  or  the  system  of  34  above  mentioned. 

But  before  proceeding  to  discuss  these  arrangements,  it  is  desirable  to 
provide  the  extension  of  our  notation,  which  is  necessary  for  dealing  with 
systems  of  the  rth  order  and  classes  other  than  r  and  0. 

Generalized  Notation. 

The  notation  which  I  have  hitherto  employed  has  always  assumed  that 
the  deviation,  or  departure,  due  to  a  cirde  of  12  fifths  is  identical  with 
one  unit  of  the  system  employed. 

Thus  (J—/C  represented  both  the  departure  of  12  fifths  and  the  smallest 
interval,  or  unit,  of  the  system.  In  non-cyclical  systems,  and  in  systems 
of  the  first  order,  this  representation  is  consistent  and  satisfactory ;  but 
in  systems  of  higher  orders  these  two  conceptions  diverge.  The  departure 
of  12  fifths  and  the  unit  of  the  system  can  no  longer  be  represented  by 
the  same  symbol. 

The  choice  we  will  make  is,  that  the  symbol  of  elevation  or  depression 
shall  represent  primarily  one  unit  of  the  system.  Thus  c—yc  will  always 
represent  the  unit,  but  will  only  represent  the  departure  of  12  fifths  in 
systems  of  the  first  order. 

c— //c  will  be  the  departure  of  twelve  fifths  in  systems  of  the  second 
order ;  c— ///c  in  systems  of  the  third  order,  and  so  on. 

It  follows  that,  in  a  continuous  series  of  fifths,  at  the  point  where  two 
consecutive  series  of  the  notation  join,  i^e  difference  of  the  marks,  on  the 
two  notes  which  constitute  the  joining  fifth,  will  be  r. 

Thus  the  following  are  fifths  which  join  the  unmarked  series  to  that 
next  above  it ; — 

In  the  1st  order,  J— //#, 
2nd     „   ,  6-///}f, 
3rd      „   ,  6-////#, 
and  so  on. 

We  now  require  only  to  fiiid  the  thirds.  Introducing  the  condition 
that  the  system  be  of  class  ^,  we  find  the  third  as  fdlows : — Pass  up  four 
steps  in  the  s^ies  of  fifths,  and  then  x  units  down. 
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Example.— Order  2^  Class  1. 
Third  to  e : 

4  steps  up  give  e, 

1  unit  down    \e,  which  is  the  required  third. 
Third  to  h : 

4  steps  up  give  //<?#, 

1  unit  down  /rf#,  which  is  the  third. 

Whence,  in  order  2  class  1,  6,  «,  a,  ^  (letters  of  the  memoria-technica 
word)  form  thirds  by  one  mark  up,  and  all  remaining  notes  by  one  mark 
down. 

Similarly,  in  a  system  of  order  r  class  ar,  6,.^,  a,  d  form  thirds  with 
r— 4?  marks  up,  and  all  the  remaining  notes  with  x  marks  down. 

Transformations  of  the  Generalized  Keyboard. 

It  is  only  necessary  to  require,  in  the  construction  of  the  generalized 
keyboard,  that  all  ihe  keys  shall  equally  fit  all  the  bearings,  to  render  it 
possible  to  produce  any  required  position  system  with  a  sufficient  number 
of  the  ordinary  keys.  This  requirement  has  always  been  attended  to  in 
the  plans  for  the  sake  of  simplification ;  though  the  important  results 
which  flow  from  it  were  not  originally  foreseen.  But  it  is  found  that 
unless  the  attention  of  the  maker  is  specially  directed  to  the  point,  the 
nature  of  the  finishing  processes  does  not  secure  the  result  in  question ; 
there  is,  however,  no  difficulty  in  securing  it  when  it  is  desired. 

The  distance  of  the  end  of  the  key  on  the  plan  (projection  on  a  hori- 
zontal plane)  from  a  line  of  reference  drawn  from  right  to  left  deter- 
mines the  form  of  the  key  completely. 

There  are  12  such  fundamental  positions ;  so  that  we  may  describe  the 
pattern  of  any  key  completely  as  a  function  of  a  series  of  numbers  running 
from  1  to  12.  After  12  the  same  patterns  recur,  with  reference  to  a  new 
standard  line,  such  that  the  old  12  has  the  same  position  as  the  new  0. 

The  ordinary  arrangement  of  a  series  of  12  fifths  may  be  simply  exhi- 
bited by  writing  under  each  note  of  the  series  the  number  of  which  its 
pattern  is  a  function. 

Direet  Keyboard. 

e      g      d      a      $      b    /f$yeji  /g$  /d$    /a#     //     /e 
123456789      10      11      12      1 

Increase  of  the  numbers  denotes  increased  height  as  well  as  increased 
distance  from  the  front ;  so  that  according  to  this,  the  original  arrange- 
ment, rise  on  the  keyboard  corresponds  to  rise  in  the  series  of  fifths. 

Inversion. 

Before  the  keyboard  was  originally  constructed,  it  became  matter  for 
ipvestigation  how  far  it  would  be  advantageous  to  make  rise  in  the  series 
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of  fifths  correspond  to  fall  on  the  keyboard,  and  vice  versd.    It  is  a  question 
of  manipulation ;  the  advantages  are  in  some  cases  rather  evenly  balanced, 
and  it  is  very  desirable  to  examine  this  arrangement  practically. 
The  first  example  of  Transformation  will  bear  upon  this  problem  : — 
It  is  possible  to  convert  a  generalized  keyboard  of  the  "  direct  arrange- 
ment "  above  described  into  an  "  inverted  one  '*  by  rearranging  the  keys 

Inverted  Keyboard, 
c         g        d        a       e       h     /fji  /cjf  /cfH;  /d$  /a$   //     /c 
12       11       10      9      8       7      6      5      4      3      2       1       12 

To  complete  this  transformation  in  an  extremely  practical  manner,  we 
have  only  to  determine  the  condition  that  white  and  black  notes  shall 
remain  the  same. 

Looking  at  the  keyboard  of  an  ordinary  piano,  which  presents  the  same 
order  of  white  and  black,  we  see  that,  as  far  as  colour  is  concerned,  it  is 
symmetrical  about  two  points,  d  and  of).  Portions  of  a  keyboard,  there- 
fore, which  terminate  in  these  points,  or  in  points  equidistant  on  oppo- 
site sides  from  either,  present,  when  inverted  from  right  to  left,  the  same 
sequence  of  black  and  white  as  before. 

The  most  convenient  arrangement  for  this  purpose  consists  of  a  compass 
of  keys  from  ctoe,  any  number  of  octaves  included. 

When  inverted,  t.  e.  when  the  note  on  the  extreme  right  is  placed  in 
the  same  row  on  the  extreme  left,  and  so  on,  such  an  arrangement  presents 
the  same  sequence  of  black  and  white  as  before. 

The  e  becomes  a  c,  and  the  sequence  of  patterns  is  that  of  an  inverted 
series. 

General  transformation  of  the  Tth  order. 

Systems  of  the  rth  order  were  defined  as  those  in  which  the  ends  of  the 
circle  of  12  fifths  include  r  units  of  the  system.  Similarly  the  keyboard 
of  the  rth  order  may  be  defined  as  that  which  has  r  unit  intervals  (r—  1 
notes)  in  the  vertical  line  between  the  ends  of  a  circle  of  12  fifths. 

It  is  easy  to  obtain  the  condition  of  arrangement  in  the  general  case. 
The  difference  of  level  of  the  ends  of  the  series  of  12  fifths  must  amount 
to  12  steps  by  course  of  fifths,  and  to  r  steps  by  course  of  units.  Con- 
sequently the  whole  difference  of  level  of  the  ends  of  the  series  of  fifths 
must  be  made  up  of  12r  primary  steps,  or  steps  made  by  the  patterns : 
each  step  in  course  of  fifths  must  be  made  up  of  r  primary  steps,  and 
each  step  in  course  of  units  must  be  made  up  of  12  primary  steps*.  In 
this  manner,  with  a  sufficient  supply  of  notes  of  the  12  given  patterns,  a 
generalized  keyboard  of  any  order  can  be  at  once  arranged. 

Although  systems  of  any  order  can  always  be  constructed  in  this 
manner,  it  will  not  generally  be  the  case  that  they  can  be  played  upon 

*  Any  common  factor  of  r  and  12  may  be  divided  out,  since  it  is  only  necessary  that 
the  two  classes  of  steps  should  be  to  each  other  as  12  :  r. 
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with  facilitj — simply  because  the  large  space  covered  by  related  notes 
cannot  be,  in  the  general  case,  brought  within  reach  of  the  hand.  Bat 
any  system  can  be  demonstrated  in  this  manner. 

Keyboard  of  the  Second  Order, 

The  keyboard  of  the  second  order  famishes  results  of  some  interest. 
It  can  be  easily  arranged  according  to  the  foregoing  rules.  The  pecu- 
liarity in  the  result  is,  that  performance  on  a  complete  system  of  the 
second  order  and  first  class,  by  means  of  it,  is  nearly  as  easy  as  perform- 
ance on  systems  of  the  first  order  by  means  of  the  keyboard  formerly 
constructed.  The  problem  of  representation  and  performance  is  thus 
solved  both  for  the  Hindoo  system  of  22  and  for  the  system  of  34,  the 
interest  of  which  has  been  already  indicated. 

Diagram  II.  (p.  382)  represents  a  portion  of  the  keyboard  of  the  second 
order. 

C'~\e^g  is  a  major  triad ;  whence  the  major  thirds  are  better  situated 
for  the  finger  than  on  the  first-order  keyboard  with  positive  systems ;  but 
the  presence  of  continuous  rows  of  keys  in  all  twelve  divisions  is  some- 
what less  advantageous  than  in  that  arrangement. 

c— /«[>— ^  is  the  minor  triad. 

In  the  general  transformation  of  the  rth  order,  transformation  witii 
regard  to  colour  (white  or  black)  is  not  generally  practicable.  Fot 
the  most  general  purposes  it  would  be  necessary  to  have  a  sufficient 
supply  of  keys  of  both  colours  for  every  pattern ;  for  any  particular  case 
the  requirements  arp  more  limited. 


June  21,  1877  (continued). 


IX.  "  On  some  hitherto  Undescribed  Optical  Properties  of  Doubly 
Refracting  Crystals.'' — Preliminary  Notice.  By  H.  C. 
SoRBT,  F.B.S.,  President  of  the  Royal  Microscopical  and  of 
the  Mineralogical  Societies.    Received  June  20,  1877. 

In  the  Proceedings  of  the  Royal  Society  (vol.  zxiv.  p.  393)  Dr. 
Royston-Pigott  described  a  new  refractometer  to  determine  the  index 
of  refraction  of  liquids  and  other  substances  by  means  of  the  displace- 
ment of  the  focal  point  of  an  object  seen  through  them  with  a  low 
magnifying-power.  Another  paper  on  the  subject  was  communicated 
by  him  to  the  Royal  Microscopical  Sodety,  and  subsequently  published 
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in  ita  Journal*.  After  the  reading  of  this  paper  I  said  that  it  appeared 
to  me  probable  that  the  same  principle  might  be  applied  with  advantage 
to  the  determination  of  the  index  of  refraction  of  minerals.  The  chief 
question  was  how  to  make  the  requisite  measurements  by  means  of  such 
an  addition  to  an  ordinary  microscope  as  would  not  in  any  way  interfere 
with  its  general  use  for  other  purposes.  This  I  accomplished  by  fixing 
a  graduated  scale  to  the  body  of  the  microscope  and  a  vernier  to  the 
supporting  arm,  so  that  the  position  of  the  focal  point  can  be  read  ofE  to 
within  about  y^ts  ^^  ^^  inch.  I  described  this  arrangement  and 
pointed  out  its  value  in  connexion  with  mineralogy  at  a  meeting  of  the 
Mineralogical  Society  last  March,  and  an  account  of  it  was  published  in 
the  Journal  of  the  Sodetyt.  I  have  since  learned  that  a  very  similar 
addition  was  made  to  a  microscope  in  Professor  Clifton's  laboratory  at 
Oxford  some  eight  years  ago,  and  used  for  the  measurement  of  the  index 
of  refraction  of  glass,  but  no  account  of  it  was  ever  published. 

When  I  came  to  study  the  index  of  refraction  of  doubly  refracting 
minerals  I  was  very  soon  struck  with  the  fact  that,  instead  of  seeing  at 
one  focus  the  two  systems  of  lines  at  right  angles  to  each  other,  they 
were  sometimes  quite  invisible,  or  one  set  was  seen  at  one  focus,  and  the 
other  at  a  very  different,  as  though  they  had  been  ruled  on  the  two  oppo* 
site  sides  of  a  piece  of  glass.  These  curious  phenomena  were  exhibited 
at  the  soir^  of  the  Boyal  Society  on  the  25th  of  April  last,  and  Pro- 
fessor Stokes  immediately  examined  the  question  theoretically,  and  found 
tiiat  they  could  be  explained  by,  and  might  have  been  predicted  from, 
the  known  laws  of  double  refraction,  though  apparently  no  one  had  ever 
studied  them,  either  theoretically  or  practically.  We  therefore  de- 
cided to  investigate  the  problem  independently.)  I  was  to  make  the 
practical  observations,  and  he  to  give  the  theoretical  explanations,  the 
results  being  kept  separate,  but  communicated  conjointly  to  the  Boyal 
Society. 

There  was  no  difficulty  whatever  in  proving  that  the  general  pheno- 
mena agreed  with  the  results  of  theory ;  but  when  I  came  to  compare 
the  numerical  results  of  observation  and  calculation  I  found  that  many 
unexpected  difficulties  had  to  be  contended  with.  The  sections  of 
minerals,  originally  made  for  an  entirely  different  purpose,  were  in  many 
cases  not  cut  with  sufficient  accuracy,  or  were  too  full  of  flaws.  It  was 
Bome  time  before  I  could  obtain  suitable  specimens  of  some  minerals; 
and  it  was  necessary  to  recut  nearly  aU  my  original  preparations.  I  also 
found  that  there  were  several  unforeseen  sources  of  error,  and  that  it  was 
requisite  to  repeat  nearly  all  my  measurements.  Much  to  my  regret^ 
I  therefore  found  it  necessary  to  publish  along  with  Professor  Stokes's 
paper,  either  a  large  number  of  indices  known  to  be  inaccurate  and  not 
suitable  for  comparison  with  theory,  or  to  publish  this  present  pre- 

•  187C,  ToL  xvi.  p.  294.  t  1877.  vol.  i.  p.  97. 
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liminary  notice,  and  defer  to  a  subsequent  occasion  a  detailed  account  of 
the  whole  subject,  as  known  from  observation.  In  that  paper  1  purpoee 
to  show  how  the  indices  can  be  accurately  determined  in  minerals  of 
different  structure,  to  point  out  how  closely  obserration  agrees  with 
theory,  and  to  describe  a  number  of  anomalies  met  with  in  particular 
specimens. 


X.  "  On  the  Foci  of  Lines  seen  through  a  Crystalline  Plate.'* 
By  G.  G.  Stokes,  M.A.,  Sec.  R.S.     Received  June  21,  1877. 

At  the  Soiree  Ol  the  Boyal  Society  on  the  25th  of  April  Mr.  Sorby 
showed  me  the  method  he  had  recently  devised  for  discriminating  between 
minerals  by  focusing  a  microscope  over  a  delicate  image  of  cross  lines, 
which  image  was  viewed,  first  directly,  and  then  through  a  crystalline 
plate,  having  previously  been  adjusted  to  be  at  the  distance  of  the  lower 
surface  of  the  plate.  With  glass  and  singly  refracting  substances  the 
alteration  of  the  focus  produced  by  the  interposition  of  the  plate  affords 
a  measure  of  its  refractive  index.  But  with  a  plate  cut  from  a  doubly 
refracting  crystal,  not  only  is  there  more  than  one  focal  distance,  but  for 
one  at  least  of  the  pencils  there  is  (except  in  special  cases)  no  true 
focus,  but  the  foci  of  the  two  systems  of  cross  lines  are  found  at  two  dif- 
ferent depths,  or  else  there  is  no  sharply  defined  image  at  all,  according 
to  the  orientation  of  the  lines  relatively  to  lines  fixed  in  the  crystalline 
plate.  Moreover  the  result  obtained  on  applying  the  formula  which,  for 
a  singly  refracting  plate,  gives  the  refractive  index  from  the  measured 
displacement  of  the  focus  is  often  widely  different  from  what  is  known 
to  be  the  refractive  index  of  the  crystal,  for  the  pencil  under  examina- 
tion, in  a  direction  perpendicular  to  the  plate. 

The  phenomena  will  be  described  in  detail  by  Mr.  Sorby  in  his  own 
paper.  My  object  is  to  show  how  they  flow  from  the  known  laws  of 
double  refraction,  as  consequences  of  which  they  will  necessarily  come 
under  review  *. 

*  [It  seemed  pretty  certain  that  some  of  the  phenomena  must  have  been  notioed 
before,  though  I  am  not  aware  that  they  have  been  described,  or  their  theoiy  worked 
out  in  any  detaiL  I  find  that  Prof.  Clifton  has  been  in  the  habit  of  using  an  instru* 
ment  somewhat  similar  to  Mr.  Sorby*s,  which  was  procured  seyeral  years  ago  for  the 
Museum  of  the  Uniyersity  of  Oxford,  and  that  he  was  familiar  with  such  things  as  the 
low  apparent  index  of  oalcite  for  the  extraordinary  pencil  nearly  in  the  direction  of 
the  axis,  and  the  astigmatism  in  general  of  a  pencil  refracted  across  a  plate  otherwise 
than  by  ordinary  refraction  ;  and,  further,  that  he  utilised  these  phenomena  for  the 
instruction  of  students  as  to  the  general  form  of  the  wave-surfaoe.  No  one,  bowevw, 
so  far  as  I  know,  before  Mr.  Sorby,  had  applied  the  phenomena  to  the  practieal  dis- 
crimination of  minerals,  or  had  worked  them  out  quantitatiTely  and  in  detail ;  and  it 
is  my  desire  to  complete  the  subject,  by  supplying  the  mathematical  theory,  that  must 
be  my  excuse  for  offering  to  the  Society  an  investigation  which  in  itself  consists  merely 
in  easy  deductions  from  well-known  principles. 

It  is  perhaps  hardly  necessary  to  refer  to  a  paper  by  Dr.  Quincke  in  Poggandorfl's 
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The  simplest  case  is  that  of  a  iiniaxal  crystal,  such  as  Iceland  spar,  out 
perpendicular  to  its  axis.  As  regards  the  ordinary  ray,  a  plate  cut  from 
a  uniazal  crystal,  in  whatever  direction,  behaves,  of  course,  like  a  plate 
of  glass,  so  far  as  focusing  is  concerned,  and  the  index  obtained  is  the 
true  ordinary  index.  To  find  what  takes  place  as  regards  the  extraor- 
dinary ray,  we  must  have  recourse  to  Huyghens's  construction. 

Let  O  be  any  point  in  the  further  surface  of  the  crystalline  plate,  OA 
perpendicular  to  the  surface  the  direction  of  the  axis,  OP  the  direction 
of  any  extraordinary  ray.    Let  the  plane  of  the  paper  be  the  plane  of 

Fig.  1. 


incidence,  AOP ;  take  OA  to  represent  the  velocity  of  propagation  (a) 
within  the  crystal  in  the  direction  of  the  axis,  and  OD  in  OA  produced 
to  represent  the  velocity  of  propagation  (unity)  in  air.  With  O  as 
centre,  construct  the  half-epheroid,  BAC,  which  is  the  extraordinary  sheet 
of  the  wave-surface,  and  the  hemisphere  EDF  representing  the  wave 
into  which  a  disturbance  emanating  from  O  would  have  spread  in  air  in 
a  unit  of  time,  and  let  OB  or  OC  be  denoted  by  c.  Let  OP  cut  the  half- 
spheroid  in  P.  At  P  draw  a  tangent  plane  to  the  spheroid,  the  trace  of 
which  on  the  surface  of  the  crystal  is  projected  in  T  ;  and  through  the 
trace  T  draw  a  tangent  plane  to  the  hemisphere,  touching  it  in  Q,  and 
join  OQ.  Then  if  an  extraordinary  ray  travel  within  the  crystal  in  the 
direction  OP,  the  refracted  ray  to  which  it  will  give  rise  will  travel  in  a 
direction  parallel  to  OQ.  Hence  if  we  now  take  OP  to  denote  the  whole 
path  of  the  ray  within  the  plate,  and  draw  Vq  parallel  to  QO,  cutting 
OA  in  9',  the  ray  OP,  after  refraction  at  P,  will  proceed  as  if  it  came 
from  q.  Hence  the  limiting  position  of  q,  as  P  moves  up  to  A,  will  be 
the  geometrical  focus,  after  refraction,  of  a  small  pencil  proceeding  from 
O,  and  having  OA  for  its  axis. 

Draw  PM  perpendicular  to  OA,  and  let  m  represent  the  ratio  of  the 
tine  of  refraction  to  the  sine  of  incidence.    Then 

m=OP:Pg; 

'  Annalftn*  (1862,  toI.  xzyii.  p.  563),  containiDg  some  elaborate  obBeryations  on  the 
focal  lioee  formed  within  a  doubly  refracting  plate,  as  his  expenments  were  made  in  a 
very  different  manner  from  those  of  Mr.  Sorby,  and  with  a  totally  different  object  in 
▼iwr.— Octofttfrl877.] 

Digitized  by  VjOOQ IC 


888  Prof.  O.  G.  Stokes  on  the  Foci  of  Lines         [June  2\, 

and  by  similar  triangles 

Pj  :  PM=OT:OQ=OB^  PM  .  OQ,     / 
since 

OB«=OT.PM; 
also 

OP=OA 
ultimately.     Hence  as 

OA  :  OB  :  OQ=»a  :  c :  1, 
we  have  ultimately 

-=J=ii^. (1) 

where  //,  ii  denote  the  ordinary  and  the  principal  extraordinary  indices  of 
refraction,  which  are  the  reciprocals  of  a,  c. 

In  this  particular  case  the  ordinary  and  extraordinary  images  cannot 
be  distinguished  directly  by  their  polarization,  since  each  consists  of  rays 
polarized  in  all  azimuths.  But  if  the  objective  of  the  microscope  be 
limited  by  a  narrow  aperture,  so  as  to  give  a  predominance  to  rays  lying 
in  one  plane,  there  will  in  the  ordinary  image  be  a  predominance  of 
polarization  in  a  plane  parallel  to  the  length  of  the  aperture,  and  in  the 
extraordinary  image  of  polarization  in  the  perpendicular  plane. 

Next  take  the  case  of  a  uniaxal  crystal  cut  parallel  to  the  axia.  In 
this  case,  as  regards  the  extraordinary  pencil,  the  divergence  after  refrac- 
tion will  be  different  in  the  axial  and  equatorial  planes,  so  that  a  small 
pencil  diverging  from  a  point  at  the  under  surface  of  the  crystal  wiD,  after 
refraction,  diverge  from  two  focal  lines  ;  and  in  order  that  a  line  may  be 
seen  distinctly,  it  must  lie  in  one  of  the  planes  of  symmetry,  in  which 
case,  at  a  certain  focal  adjustment  of  the  microsco]>e,  each  element  of  the 
line  would  be  seen  as  a  short  line  in  the  direction  of  the  actual  line,  and 
therefore  the  line  as  a  whole  will  be  seen  sharply  defined. 

In  the  equatorial  plane  the  extraordinary  ray  obeys  the  ordinary  law  of 
refraction ;  and  as  regards  divergence,  therefore,  in  this  plane,  on  which 
depends  clear  vision  of  a  line  parallel  to  the  axis,  the  apparent  index 
will  be  the  same  as  the  real  index,  fi.  In  the  axial  plane  everything  will 
be  the  same  in  respect  of  divergence  as  in  the  first  case,  except  that  the 
principal  axes  of  the  ellipse  which  is  the  section  of  the  extraordinary 
wave-surface  will  be  interchanged.  Accordingly  a  line  in  the  equatorial 
plane  will  be  seen  distinctly  at  a  focal  adjustment  which  will  give  an 
apparent  refractive  index  /i* :  /li'. 

There  will  therefore,  on  the  whole,  be  three  focal  adjustments  of  th« 
microscope  at  which  one  or  other  of  the  systems  of  cross  lines,  or  both 
together,  will  be  seen  distinctly,  namely,  one  for  the  extraordinary  pendl, 
which  is  polarized  in  the  equatorial  plane,  at  which  the  lines  in  the  axial 
plane  are  seen  distinctly ;  another  at  which  the  lines  in  the  equatorial 
plane  are  seen  distinctly ;  and,  intermediate  between  these,  a  third  for  the 
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ordinary  pencil,  which  is  polarized  in  the  axial  plane,  at  which  both 
systems  at  once  will  be  seen  distinctly.  And  the  ordinary  index,  which 
will  be  given  by  the  ordinary  image,  will  be  a  geometric  mean  between 
the  two  apparent  extraordinary  indices,  of  which  one,  namely,  that  got 
from  the  lines  in  the  axial  plane,  will  be  the  real  extraordinary  index. 

There  are  two  iiniaxal  crystals,  caldte  and  quartz,  for  which  we  know 
accurately  the  principal  refractive  indices  for  the  principal  lines  of  the 
spectrum  from  the  measures  of  Budberg.  The  principal  indices  for  these 
two  minerals  and  the  apparent  indices  in  the  two  directions  mentioned 
above  are  given  in  the  following  Table.  The  indices  are  given  to  four 
places  of  decimals,  and  the  fixed  lines  C,  D,  E  are  chosen,  whence  the 
results  applicable  to  the  kinds  of  light  most  likely  to  be  employed  may 
be  obtained,  directly  or  by  interpolation. 


lines. 

Omldte. 

Qaartc. 

/*• 

K- 

C 

F 

?■ 

/»• 

^'. 

? 

C  ... 
D  ... 
B  ... 

1-6646 
1-6686 
1-6636 

1-4846 
1-4864 
1-4887 

1-3321 
1-3322 
1-3322 

1-8438 
1-8606 
1-8690 

1-6418 
1-6442 
1-6471 

1-6609 
1-6633 
1-6663 

1-6601 
1-6624 
1-6666 

1-6328 
1-6362 
1-6380 

It  is  well  known  that  the  double  refraction  of  quartz  differs  from  that 
of  the  generality  of  uniaxal  crystals.  Its  wave-surface  for  any  colour, 
instead  of  being  the  sphere  and  spheroid  of  Huyghens,  is  a  surface  of  two 
distinct  sheets,  which,  instead  of  touching,  only  make  a  very  close 
approach  along  the  axis.  The  polar  diameters  of  the  outer,  or  ordinary, 
and  of  the  inner,  or  extraordinary,  sheet  differ  by  minute  and  practically 
equal  quantities  from  the  equatorial  diameter  of  the  ordinary  sheet. 
The  effect  of  this,  however,  on  the  indices,  real  or  apparent,  determined 
by  Mr.  Sorb/s  method  on  a  plate  cut  perpendicular  to  the  axis,  would 
not  be  sensible.  The  peculiarity  would  show  itself  by  giving  the  two 
images  at  different  depths  circularly  polarized,  one  right-handedly  and  the 
other  left-handedly. 

It  may  be  noticed  that  the  refractive  index  is  given  by  the  reciprocal 
of  the  radius  of  curvature  of  a  section  of  the  wave-surface  by  a  plane 
perpendicular  to  the  lines  seen  in  focus,  and  that  in  order  that  the  lines 
may  be  seen  distinctly,  they  must  be  perpendicular  to  one  of  the  planes 
of  principal  curvature.  This  rule,  as  I  proceed  to  show,  is  general ;  and 
it  will  much  simplify  the  calculation  in  more  complicated  cases,  by 
enabling  us  to  dispense  with  the  direct  application  of  Huyghens*s  con- 
struction. 

Let  O  be  a  poiat  ia  the  first  surface  of  the  plate,  and  consider  a  small 
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pencil  emanating  from  O  in  such  a  direction  tbat  its  axis,  after  refrac- 
tion, is  perpendicular  to  the  plate.  With  centre  O  describe  half  a  wave- 
surface,  of  which  only  one  sheet,  DEF,  is  represented  in  the  figure  to 
avoid  confusion.     In  a  direction  parallel  to  the  surfaces  of  the  plate  draw 

Fig.  2. 


a  tangent  plane  to  the  wave-surface,  touching  it  in  E.  Join  OE,  and 
draw  EG-  a  normal  to  the  plate,  and  produce  it  to  cut  DF  in  H.  Then 
OE  is  the  course  of  a  ray  within  the  crystal  which,  after  refraction,  pro- 
ceeds in  a  direction  perpendicular  to  the  plate,  and  is  therefore  the  axis 
of  the  pencil.  Let  OPQ  be  an  adjacent  ray,  cutting  the  wave-surface  in 
P,  and  the  tangent  plane,  which  we  may  suppose  to  coincide  with  the 
second  surface  of  the  plate,  in  Q.  Then  the  retardation  of  the  wave  on 
arriving  at  Q,  relatively  to  the  wave  at  E,  will  be  the  time  the  ray  of  light 
takes  to  travel  from  P  to  Q.  The  form  of  the  wave  after  refraction  will 
depend  only  on  the  value  of  this  retardation,  regarded  as  a  function  of 
the  two  coordinates  which  determine  the  position  of  Q  on  the  plate.  This 
follows  at  once  from  Huyghens's  principle.  If  we  regard  QE  as  a  small 
quantity  of  the  first  order,  the  retardation  will  be  a  small  quantity  of  the 
second  order ;  and  in  determining  the  foci  of  the  refracted  pencil  we  only 
want  to  know  the  retardation  true  to  this  order,  and  we  may  substitute 
for  the  actual  retardation  any  quantity  which  bears  to  it  a  ratio  that  is 
ultimately  one  of  equality.  Hence,  as  the  wave  progresses  within  the 
crystal  beyond  DEF,  we  may  feign  it  to  be  travelling  in  an  ordinary 
medium,  with  a  velocity  of  propagation  equal  to  the  actual  wave-velocity 
in  the  direction  HE  normal  to  the  plate.  For  if  from  Q  we  conceive  a  nor- 
mal QM  drawn  to  the  wave-surface,  the  actual  wave-velocity  along  MQ  will 
dilPer  from  that  in  the  direction  HE  by  a  small  quantity  of  the  first  order ; 
and  since  the  whole  distance  MQ  is  a  small  quantity  of  the  second  order, 
we  may  neglect  the  variation  of  wave-velocity,  and  treat  the  meilium  as 
if  it  were  a  singly  refracting  one,  in  which  a  wave  was  travelling  whidi 
had  already,  by  some  means,  acquired  the  form  DEF. 
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Through  the  normal  EH  draw  the  two  rectanguUtr  planes  of  principal 
curvature  of  the  surface  at  E,  and  let  C,  C  be  the  centres  of  cnrvaturey 
and  p,  p  the  radii  of  curvature,  on  the  same  scale  in  which  HE  represents 
the  wave-velocitj  v  in  the  direction  HE.  Then  the  rays  in  that  plane  of 
principal  curvature,  the  normals  in  which  intersect  in  C,  may  be  thought 
of  as  diverging  from  C  in  an  ordinary  medium,  of  which  the  refractive 
index  is  v~\    If  r  be  the  thickness  of  the  plate,  the  distance  of  C  from 

the  second  surface  will  be  -r,  and  the  product  of  this  by  v,  or  pr,  will 

give  the  distance  of  the  focus  in  that  plane  after  refraction  into  air ;  and 
therefore  the  apparent  index  of  refraction  will  be  p~*.  Similarly  p'"*  will 
will  be  the  apparent  index  in  the  other  plane.  And  in  order  that  one  or 
other  of  the  two  rectangular  systems  of  lines  may  be  seen  distinctly  at 
the  proper  focus,  the  lines  must  be  placed  perpendicular  respectively  to 
the  two  planes  of  principal  curvature. 

A  similar  construction  applies  to  the  other  pencil  which  the  plate  is 
capable  of  transmitting  independently,  to  which  corresponds  the  other 
sheet  of  the  wave-surface,  and  which  is  polarized  in  a  plane  perpendicular 
to  the  plane  of  polarization  of  the  former  pencil.  In  a  biaxal  crystal,  in 
which  neither  sheet  of  the  wave-surface  is  a  sphere,  there  will  in  general 
be  four  focal  distances  at  which  lines  in  proper  directions  can  be  seen 
distinctly.  For  either  pencil  the  two  required  directions  are  perpendi- 
cular to  each  other ;  and  if  the  plate  be  perpendicular  to  one  of  the  prin- 
cipal planes,  or  planes  of  optical  symmetry  of  the  crystal,  the  required 
directions  of  the  cross  lines  are  the  same  for  both  pencils,  namely, 
parallel  and  perpendicular  to  the  plane  of  symmetry. 

The  case  next  in  order  of  simplicity  to  that  of  a  uniaxal  crystal  cut 
parallel  to  the  axis  is  that  of  a  biaxal  crystal  cut  in  a  direction  perpen- 
dicular to  one  of  the  principal  axes;  but  before  proceeding  to  this  it 
may  be  well  to  complete  the  investigation  for  a  uniaxal  crystal,  by  con- 
sidering a  plate  cut  in  any  manner. 

Let  B  be  the  inclination  of  the  axis  of  the  crystal  to  the  normal  to  the 
plate ;  a,  c,  as  before,  the  polar  and  equatorial  semiaxes  of  the  spheroid. 
"We  need  only  consider  the  extraordinary  ray  and  the  spheroid  corre- 
sponding to  it.  Let  p  be  the  radius  of  curvature  of  the  elliptic  section 
made  by  the  principal  plane,  p  the  radius  of  curvature  of  the  perpendi- 
cular section,  which  will  be  the  length  of  the  normal  drawn  as  far  as  the 
axis  of  revolution,  p  and  p'  are  to  be  expressed  in  terms  oE  6.  We 
have 

p-»=:a-»c-Vco«'^+«8in'e)t, (2) 

p'-»=c-V  cos*  0+c»  sin*  a)* (3) 

.  (2)  gives  the  apparent  index  as  obtained  by  focusing  on  a  line  perpen- 
dicnlar  to  the  principal  plane,  and  (3)  as  obtained  by  focusing  on  a  line 
in  the  principal  plane. 


Digitized  by  VjOOQ IC 


892  Prof.  O.  G.  Stokes  on  the  Foci  of  Lines        [June  21, 

We  see  from  (2)  that  as  6  changes  from  0  to  90^  p  changes  from 
a"^  e*  to  c^  a\  of  which  one  is  greater  than  a  and  the  other  less  than  a. 
Hence  for  an  intermediate  value  of  6  p=a.  For  this  value  we  have 
from  (2) 

tan»a=atc-»(al+cl)=^-»/i'l(^»+/i'f) (4) 

In  this  case,  as  in  that  of  a  uniaxal  crystal  cut  perpendicular  to  the 
axis,  there  are  only  two  focal  distances  at  which  a  distinct  image  is  seen. 
But  the  two  cases  are  easily  distinguished ;  for  in  the  present  case  the 
ordinary  and  extraordinary  images  are  both  polarized  in  definite  planes ; 
also  at  one  of  the  focal  distances  only  one  of  the  systems  of  cross  lines, 
namely,  those  parallel  to  the  principal  plane,  are  seen  distinctly ;  and, 
further,  either  extraordinary  image  becomes  confused  when  the  plate  is 
rotated  in  its  own  plane. 

For  this  particular  inclination  we  have,  in  the  case  of  Iceland  spar, 
according  to  the  indices  above  quoted  for  the  line  D,  6=53°  34'. 

In  this  mineral  the  normal  to  the  plane  of  easy  cleavage  is  inclined  to 
the  axis  at  the  angle  44°  37'.  Substituting  this  value  in  (2)  and  (3), 
writing  /i'\  fi'"^  for  a,  c,  we  have,  for  the  apparent  indices  of  the 
extraordinary  pencil : — 

For  lines  For  lines 

perpendicular  to  the  parallel  to  the 

prindpal  plane.  principal  piano. 

r  C 1-6777        ....        1-4094 

For  the  fixed  line  . . . .  i   D 1-5809        ....        1-4104 

I  B 1-5849        ....        1-4116 

In  biaxal  crystals  the  simplest  case,  and  at  the  same  time  the  most 
important,  is  that  of  a  plate  cut  perpendicular  to  one  of  the  principal 
axes,  or  so-called  axes  of  elasticity.  As  the  calculation  for  both  pencOs 
is  precisely  the  same  as  for  the  extraordinary  pencil  in  a  plate  of  a  uni- 
axal crystal  cut  parallel  to  the  axis,  it  will  be  sufficient  to  give  the 
result. 

Let  the  principal  axes  be  designated  as  those  of  ar,  y,  r,  to  which  relate 
the  parameters  or  principal  velocities  of  propagation,  a,  ft,  o^  and  their 
reciprocals,  the  principal  indices,  /i,  /i',  y!\  I  will  suppose  a,  6,  c,  taken 
in  descending,  and  consequently  ^,  /i',  p!'  in  ascending  order  of  magni- 
tude *.  For  the  arrangement  of  the  Table,  it  wjll  be  convenient  to  specify 
the  direction  of  the  line  seen  in  focus,  and  that  of  the  normal  to  the  plane 
of  polarization  of  the  image  observed.  When  these  directions  are  dif- 
ferent, the  plane  of  the  plate  is  defined,  being  that  containing  them  both. 

*  In  the  prerioos  inrestigation  for  Iceland  spar  a  was  taken  for  the  ordinary  wavv- 
9«locityr  in  oidar  to  conform  to  the  notation  in  Aii7*s  tract,  so  that  e  was  greater 
than  a. 
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When  they  are  the  same,  the  plane  of  the  plate  may  he  either  of  the  prin- 
cipal planes  containing  that  common  direction ;  and,  indeed,  it  might  be 
any  plane  containing  it,  only  that  the  case  of  a  plate  cut  obliquely  is  not 
at  present  under  consideration.  The  apparent  indices  obtained  by 
focusing  will  accordingly  be  arranged  as  follows : — 


Direction  of  line  brought 
to  focus. 

X, 

y- 

z. 

2fl 

11 

X. 

h 

til 

y- 

c 

M 

m' 

< 

M 

z. 

^ 

/* 

It  may  be  well  to  give  the  numerical  results  for  aragonite  and  topas, 
as  calculated  from  Eudberg's  indices.  I  have  chosen  the  same  fixed  linea 
as  before. 


Fixed 
lines. 

Aragonite. 

Topaz. 

*. 

y- 

z. 

jr. 

y. 

8. 

f 

0. 

1-5282 

1-8513 

1-8420  ' 

16093 

1-6284 

1-6135 

'' 

D. 

15301 

18576 

1-8481  ! 

1-6116 

1-6296 

1-6148 

I 

B, 

15326 

1-8653 

1-8554 

1-6145 

1-6338 

1-6189 

r 

C. 

1-6862 

1-6778 

1-3919 

1-6262 

1-6114 

1-6072 

y- 

D. 

1-6902 

1-6816 

1 3922  1 

1-6285 

1-6137 

1-6115 

B. 

1-6953 

1-6863 

1-3929 

1-6315 

1-6167 

1-6123 

0. 

1-6736 

1-3885 

1-6820 

1-6040 

1-5999 

1-6188 

8,    ■ 

D. 

1-6773 

1-3887 

1-6859  ' 

16063 

1-6041 

1-6211 

" 

B. 

1-6818 

1-8892 

1^908 

1 

1-6093 

1-6056 

1-6241 

The  numbers  in  the  squares  xx^  yy,  zz  are,  of  course,  the  real  principal 
indices. 
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I  proceed  now  to  tbe  case  of  a  plate  cut  in  any  direction  perpendicular 
to  one  of  the  principal  planes,  to  which  I  propose  to  limit  myself,  merely 
observing  that  the  leading  features  of  the  most  general  case  have  already 
been  noticed. 

The  principal  plane  perpendicular  to  the  plate  being  a  plane  of  optical 
symmetry,  the  proper  directions  for  the  cross  lines  are  parallel  and  per- 
pendicular to  that  plane.  Let  the  plane  of  symmetry  be  the  plane  of 
d»,  without  necessarily  implying  thereby  that  the  axis  of  j^  is  that  of  mean 
parameter,  and  let  Q  be  the  inclination  of  the  normal  to  the  plate  to  the 
axis  of  z.  The  section  of  the  wave-sur&ce,  which  I  assume  to  be  that  of 
Fresnel,  by  the  principal  plane  being  a  circle  and  an  ellipse,  the  formula 
for  the  foci  of  a  line  perpeudicular  to  the  principal  plane  will  be  the  same 
as  for  a  uniaxal  crystal,  inasmuch  as  the  relation  which,  in  the  case  of  a 
uniaxal  crystal,  subsists  between  the  radius  of  the  circle  and  one  of  the 
semiaxes  of  the  ellipse  is  not  involved  in  the  f ormul®.  For  light  polarized 
perpendicularly  to  the  principal  plane,  then,  the  apparent  index  for  a 
line  parallel  to  y  is  given  by  (2),  while  for  the  other  pencil  it  is  simply 
ft-*  or  y!. 

To  find  the  foci  for  a  line  lying  in  the  plane  of  symmetry,  we  must 
have  recourse  to  the  wave-surface  itself,  and  not  merely  to  its  principal 
section.  We  have  to  find  the  radius  of  curvature  at  any  point  in  the 
principal  section  for  a  normal  section  perpendicular  to  the  principal 
plane. 

Let  P  be  a  point  in  the  principal  section,  PN  the  normal  at  P,  M  a 
point  in  PN  near  P,  and  through  M  draw  MQ  parallel  to  y,  cutting  in 
Q  the  sheet  of  the  wave-surface  to  which  P  belongs.  Then  the  limit 
of  MQ'-r2  PM,  as  M  moves  up  to  P,  will  be  the  radius  of  curvature 
required. 

Taking  the  equation  of  the  wave-surface  under  the  form 

(«'+y'+^)(aV+6y+c>z«)-a\6«+c>K) 

let «,  0,  s  be  the  cordinates  of  P,  and  « + 8^»  y,  2 + ^^  those  of  Q.  Substi- 
tuting in  (5),  which,  by  hypothesis,  is  satisfied  by  the  coordinates  x^  0, 2, 
observing  that  &r,  Iz  are  small  quantities  of  the  order  y*,  and  omitting 
•mall  quantities  of  the  order  y^,  we  find 


-0  J 


Let  PM=j>,  and  first  suppose  P  to  lie  in  the  circular  section.  Then 
«»+«•« 6«,  w^h  sin  a,  «=6  cos  B.  Also,  as  the  normal  coincides  with  the 
radius  vector, 


Digitized  by  VjOOQ IC 


1877.]  seen  through  a  Crystalline  Plate.  395 

Substituting  in  (6)  and  putting  y^ss^pp^  we  find  for  the  curvature 

>-i_^g*  sin*  0+(^  cos*  0-t-  6'— a»-c») 
'^     ^     6Xa»8in»tf+c»co8''0)-a"c*     ' 
or 

,.,i_6{(y-a*)cos>e+(y-c')sin'0}  ,^ 

^        cX6--aO  cos-  e+ aXft^-ir*)  sin^  0*    •     •     •     •     U; 

which  g^ves  the  apparent  index  for  light  pohirized  in  the  principal  plane 
when  a  line  in  that  plane  is  brought  into  focus. 
Next  let  P  lie  in  the  elliptic  section,  then 

which  reduces  (6)  to 
and 

which,  on  putting  p  for  y'-r22>,  reduces  (8)  to 

(a:'+«'-6'X«*^+<?*«')*-{6V+«'-«*-c")+«V}p'-0.     .    (9) 

We  have  also 

tan  0=  3-, 

which,  combined  with  the  equation  to  the  ellipse,  gives 
Bin*e    cos'O    a-»sin'0+c-»cos"0  "*■  a-*sin''0+c-*co8«0' 


On  substituting  in  (9),  and  reducing,  we  find 

,.i     {(6*~a')co8'6-f(6»-c')8in*6}(a'cos'e+c'8in*0y 
^     "  a»{6''-.a')cos''  i+<r'(6'-c')  sin**  0  ' 


(10) 


which  gives  the  apparent  index  for  light  polarized  perpendicularly  to  the 
principal  plane,  when  a  line  in  that  plane  is  brought  into  focus. 

To  sum  up.  For  the  pencil  which  is  polarized  in  the  principal  pliuie 
'tiie  apparent  index  for  a  line  perpendicular  to  that  plane  is  the  real  index 
Ir^  or  ft',  while  for  a  line  in  the  principal  plane  it  is  given  by  (7).  For 
the  pencil  which  is  polarized  perpendicularly  to  the  principal  plane  the 
Apparent  index  for  a  line  perpendicular  to  that  plane  is  given  by  (2),  and 
for  a  line  in  the  plane  by  (10). 

On  examining  the  expressions  (7)  and  (10)  for  the  radii  of  curvature 
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of  normal  sections  perpendicular  to  the  principal  plane,  we  see  tiiat  if  h 
be  the  greatest  or  least  parameter  they  remain  constantly  positive.  But 
if  6  be  the  mean  parameter,  both  expressions  change  sign  twice,  once  in 
passing  through  zero,  and  once  through  infinity,  as  0  changes  from 
0^  to  90° 
The  radii  of  curvature  become  infinite  together  when 

that  is,  when  the  plate  is  perpendicular  to  the  optic  axis.     For  a  point  in 
the  eircular  section  the  radius  vanishes  when 

that  is,  when  the  plate  is  perpendicular  to  the  ray-axis.     For  a  point  in 
the  elliptic  aection  the  radius  vanishes  when 

-»'-05§^ c") 

that  is,  when  the  plate  is  perpendicular  to  the  normal  to  the  elliptio 
section  at  the  point  where  the  two  sections  intersect. 
-  A  figure  piay  make  th^se  changes  clearer.    Let  xOz  be  a  quadrant  of 

Fig.  3. 


the  plane  perpendicular  to  the  axis  of  mean  parameter.  Let  BB'  be  the 
circular,  and  AG  the  elliptic  section,  intersecting  in  B,  PQ  the  oommoQ 
tangent,  BN  a  normal  at  B  to  the  eUiptic  section.  Conceive  a  plate  eat 
perpendicular  to  the  plane  of  az,  its  normal  being  inclined  at  the  angle  0  to 
Or ;  and  imagine  B  to  change  continuously  from  0  to  90° :  and  let  p\  p^ ' 
«epteseiit  the  cadii  of  curvature  in  the  secondary  j>lane  (oOi^  being  deemed 
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ihe  primary  plane)  for  points  in  the  sections  AG,  BB'  respectively.  As 
6  starts  from  zero,  p  starts  from  a  and  increases,  and  p^'  starts  from 
5^  V  and  decreases.  When  0  becomes  BOB,  p/  vanishes,  and  beyond  that 
becomes  negative,  while  p  continues  to  increase.  As  6  increases  to 
BOQ,  p  increases  positively,  and  />/  negatively,  to  infinity,  and  beyond 
that  both  change  sign,  p  becoming  negative  and  p/  positive.  As  6 
increases  to  ANB,  p  decreases  negatively  to  zero,  while  p/  decreases 
positively  from  infinity.  On  passing  ANB,  p  becomes  positive,  and  in- 
creases to  its  final  value,  e,  which  it  reaches  when  0=  90^,  while  p/  decreases 
to  its  final  value,  6"  V.  Thus  though  a  >c  we  may  say  that  as  6  increases 
&om  0  to  90^,  p  increases  from  a  to  c  by  passing  through  cx>  and  0,  and  p/ 
decreases  from  ft^V  to  iT^a^  by  passing  through  0  and  c». 

The  extravagant  changes  of  apparent  index  in  the  immediate  neigh- 
bourhood of  the  wave-  and  ray-axes  could  probably  not  well  be  followed 
by  the  microscope,  on  account  of  the  necessity  of  working  with  pencils  of 
finite  angular  aperture,  which  would  make  the  phenomena  of  focusing 
blend  themselves  with  those  of  conical  refraction.  But  there  can  be  little 
doubt  that  a  large  increase  or  diminution  of  apparent  index  on  approach- 
ing the  critical  region  would  be  readily  discernible.  That  these  changes 
are.  not  confined  to  the  principal  plane  is  evident,  inasmuch  as  one  prin* 
dpal  radius  of  curvature  of  the  wave-surface  becomes  infinite  at  any  point 
of  the  circle  of  contact  of  the  surface  with  the  tangent  plane  perpendi* 
cular  to  the  optic  axis,  and  one  principal  radius  of  curvature  vanished 
at  the  conical  point,  to  whatever  normal  section  it  be  thought  of  Im 
belonging. 

Let  us  now  resume  the  equations  (2),  (10),  which  give  the  principal 
curvatures  for  the  elliptic  section,  without  deciding  beforehand  any  thiiig 
as  to  the  relative  magnitude  of  the  parameters. 

As  0  changes  from  0  to  90^,  the  radius  of  curvature  in  the  primary 
plane  changes  from  a'^V  to  c^a*,  and  that  in  the  secondary  plane  from 
a  to  c ;  and  the  ratio  of  the  radii,  therefore,  changes  from  a~V  to  c~^a\ 
of  which  one  is  greater  than  1  and  the  other  less  than  1.  If,  then,  both 
radii  remain  positive,  as  is  the  case  in  the'  two  principal  planes  passing 
through  the  mean  axis,  the  two  radii  must  be  equal  for  some  intermediate 
value  of  0.  Hence  there  must  be  four  umbilici  in  each  of  these  planes. 
To  find  the  umbilici  we  must  equate  the  values  of  p,  p  given  by  (2\  (10), 
whence 

a»c»{(y-a»)cos*a+(y-08«i*^}(cos»e+8in*e) 
s  {a"(6'-a')  cos*  a+c"(6*  -c>)  sin'  e}(a*  cos*  d+c*  sin*  6), 

which  gives,  after  reduction, 

^•-^ (») 

This  expression  shows  that  the  umbilici  in  the  elliptic  section  piade-ly 
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the  prindpsl  plsne  of  grefttest  and  least  parameters  are  imaginarj.  If 
we  take  wj^  v«y  to  denote  the  indinations  to  Oy  of  the  normals  to  the 
umbilici  in  the  planes  of  xy,  2y,  we  haye,  bj  the  requisite  interchanges 
of  letters.*— 

If  a  plate  be  cat  perpendicular  to  the  normal  at  one  of  these  umbilici, 
one  of  the  polariwd  poidls  which  it  transmits  will  give  the  images  of 
both  sjstems  of  cross  lines  distinct  together ;  and  the  distinctness  will 
not  be  affected  hj  rotating  the  plate  in  its  own  plane  while  the  cross  lines 
are  fixed.  In  this  respect  it  agrees  with  a  plate  of  a  uniaxal  crystal  cut 
in  an  arbitrary  direction,  with  which  it  might  easily  be  confounded.  But 
if  the  double  refraction  be  strong  enough  to  give  a  sensible  laUml  separa- 
tion of  the  two  oppositely  polarized  images,  the  two  cases  may  be  distin- 
guished thereby  in  either  of  two  ways : — first,  if  the  images  be  compared 
with  a  mark  fixed  to  the  focus  of  the  eyepiece,  and  the  crystal  be  rotated 
in  its  own  plane,  while  the  object  viewed  through  it[is  fixed,  in  the  case  of 
a  miiaxal  crystal  the  image  free  from  astigmatism  will  remain  fixed,  while 
any  point  of  the  other  describes  a  small  circle  round  its  mean  position, 
whereas  in  a  plate  of  a  biaxal  crystal  cut  perpendicukr  to  the  normal  at 
one  of  the  umbilici  aboTe  considered  it  is  the  reverse ;  the  image  affected 
by  astigmatism  remains  fixed,  though  its  distinctness  alters,  while  any 
point  in  the  other  describes  a  small  circle  about  its  mean  position. 
Secondly,  if  the  plane  of  separation  of  the  two  oppositely  polarized  images 
be  noticed,  in  a  uniaxal  crystal  the  plane  of  polarization  of  the  image 
which  is  free  from  astigmatism  will  be  parallel  to  the  plane  of  separa- 
tion, while  in  a  biaxal  crystal  cut  as  above  supposed  it  will  be  perpendi- 
cular to  the  plane  of  separation^. 

There  are  no  umbilici  in  the  circular  sections  of  the  wave-surface  made 
by  the  principal  planes.  If  we  equate  p  given  by  (7)  to  be  the  radius  of 
curvature  in  the  primary  plane,  we  get,  in  fact,  cos'O+sin^O^O,  which 
cannot  be  satisfied. 

The  formula  (15)  give  for  vjy,  vjy  (ray  D)  in  aragonite  69"^  26'  and 
45°  8' ;  in  topaz  46°  49'  and  55**  27'. 

In  the  employment  o#  his  method  Mr.  Sorby  has  chiefly  had  in  view 
the  discrimination  of  minerals,  but  it  admits  of  one  or  two  interesting 
applications  to  optical  theory. 

At  the  time  when  Fresnel  invented  his  theory  of  double  refraction  it 

*  [The  first  tort  supposes  the  surfaoes  of  the  plate  to  be  pretty  truly  panllel,  as 
otherwise  it  would  produce  displacement  in  consequence  of  its  slightly  wedge-shaped 
£nrm ;  and  Ifr.  Sorby  thinks  this  requirement  would  prevent  this  test  from  being  of 
much  use.  As  to  the  second  test,  it  is  needless  to  obeerre  that  in  any  case  in  whidiwv 
know  independently  which  is  the  principal  plane  we  need  not  attempt  to  obaerre  the 
lateral  separation  of  the  images.— OdoUr  1877.1 
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had  been  supposed,  from  the  observations  of  those  who  had  specially  exa- 
mined the  question,  that  in  biaxal  crystals  one  of  the  rays  obeyed  the 
ordinary  law  of  refraction ;  and  Fresnel  proved  by  two  methods,  both 
requiring  skill  on  the  part  of  the  optician  who  cut  the  crystals,  that  the 
anticipation  that  his  theory  led  him  to  entertain  that  that  would  not  prove 
to  be  the  case  was  verified.  It  is  interesting  to  find  that  the  extraor- 
dinary character  of  the  refraction  of  both  rays  in  a  biaxal  crystal  admits 
of  being  estabb'shed  by  such  a  comparatively  simple  mode  of  observation 
as  that  of  Mr.  Sorby. 

The  theory  of  Fresnel  is  confessedly  wanting  in  rigour ;  and  though 
the  observations  of  Huyghens,  of  WoUaston,  and  of  Mains  proved  that 
in  Iceland  spar  Huyghens's  construction,  if  not  rigorously  true,  was  at 
least  a  very  close  approximation  to  the  truth,  it  seemed  desirable  to  put 
it  to  a  sharper  observational  test,  more  especiaUy  as  different  theories 
might  lead  to  Huyghens's  construction  as  a  near  approximation.  For 
instance,  in  a  paper  read  before  the  Cambridge  Philosophical  Society  in 
1849, 1  obtained  a  formula*  which  led  me  to  perceive  that  double  refrac- 
tion would  be  simply  accotmted  for  by  attributing  it  to  a  difference  of 
inertia  in  different  directions,  such  as  would  be  produced  if  a  fluid  had  to 
make  its  way  among  it  number  of  bodies  on  the  average  regularly 
arranged,  that  arrangement  being  different  in  different  directions,  and 
that  the  wave- velocity  on  this  theory  would  be  related  to  the  direction  of 
the  wave  normal  just  as  in  the  theory  of  Fresnel,  with  the  exception  that 
the  reciprocals  of  wave-velocities  would  take  the  place  of  the  velocities 
themselves.  I  refrained,  however,  from  putting  forward  that  theory 
either  in  the  memoir  referred  to  or  elsewhere  (though  I  have  incidentally 
alluded  to  it  in  my  report  on  double  refraction  t),  because,  on  calculating 
the  difference  of  refraction  of  the  extraordinary  ray  on  this  theory  and 
according  to  Huyghens's  construction,  at  about  45°  from  the  axis,  where 
the  diJOference  would  be  greatest,  I  found  it  barely  small  enough,  as  seemed 
to  me,  to  have  escaped  detection.  Still  this  theory,  which  has  occurred 
independently,  in  the  same  or  a  similar  shape,  to  others  ty  led  me  to  wish 
for  a  more  exact  verification ;  and  in  the  report  referred  to  I  have  pro- 
posed a  method  which  seemed  to  me  well  calculated  to  lead  to  the  desired 
result.  This  method  I  carried  out  some  years  later  in  the  case  of  Iceland 
spar,  though  I  did  not  publish  the  results ;  and  I  foimd  that,  to  the  limit 
of  error  of  my  observations  (about  0*0001  in  the  index),  Huyghens's  con- 
struction was  fully  confirmed,  while  the  error  of  the  other  was  nearly  a 
hundred  times  as  great  as  the  limit  of  error  of  the  observations  §.     The 

♦  Cambridge  Philoeophioal  TraiiBaotions,  toI.  viii.  p.  111. 

t  Report  of  the  British  Association  for  1862,  part  i.  p.  269. 

t  See  papers  by  the  late  Professor  Bankin  in  the  Philosophical  Magazine,  toI.  i. 
(1851),  p.  441,  and  by  Lord  Bayleigh  in  the  same,  vol.  xli.  (1871)  p.  519. 

S  This  result  is  briefly  mentioned  in  the  Proceedings  of  the  Boyal  Society,  toI.  xz. 
p.  443. 
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accuracy  of  the  Huyghenian  law  has  abo  been  omfirmed  by  the  ekboirate 
<>bservation8  of  M.  Abria*. 

In  the  method  of  prismatic  refraction  employed  by  M.  Abria  and  my- 
self, the  difference  between  Huyghens's  construction  and  the  result  of  the 
theory  just  referred  to  is  greatest  about  46°  from  the  axis,  while  extremely 
close  to  the  axis,  or  to  the  equator,  it  would  hardly  be  sensible.  Mr. 
Sorb/s  method  is  remarkable  for  this,  that  it  brings  out  into  prominence 
Yariations  of  refraction  with  change  of  direction,  though  the  absolute 
refractions  which  are  involved  may  be  nearly  the  same.  Thus  Mr.  Sorby 
informs  me  that  his  method  shows  with  perfect  distinctness  the  two  widely 
different  foci  for  a  plate  of  Iceland  spar  cut  perpendicular  to  tiie  axis,  even 
though  the  inclination  of  the  rays  concerned  to  the  axis  is  so  small  that, 
when  polarized  light  is  used,  which  is  extinguished  by  an  analyxer,  the 
field  remains  dark  after  the  interposition  of  the  crystal. 

In  the  theory  referred  to  above  the  extraordinary  sheet  of  the  wave- 
surface  is  generated  by  the  revolution  of  the  curve  which  is  the  envelope 
of  straight  lines  whose  distance,  v,  from  the  origin  id  connected  with  thrfp 
inclination,  90°— 0,  to  the  axis  by  the  relation 

v-»=a-«  cos' 0+C-' sin'*  e. 

The  radius  of  curvature  of  this  envelope  at  the  axis  is  c"*(2iic'— a*), 
and  accordingly  the  apparent  index,  w,  is  given  by 

^=9-Ara, (le) 

which  exceeds  the  apparent  index,  fi'V,  given  by  the  spheroid  of 
Huyghens  by 

tO-'-M-')' (17) 

The  same  formula  will  apply  to  a  point  in  the  equator  if  weinterdiange 

II  and  ft'. 

Putting  these  excesses  into  numbers,  according  to  Budbeig's  indices  for 
the  line  D  in  Iceland  spar,  we  find  0-0536  and  0-1180,  giving  for  apparent 
indices  1-3858  instead  of  1-3322  for  a  plate  perpendicukr  to  the  axis,  and 
1-9685  instead  of  1-8505  for  a  plate  parallel  to  the  axis  when  the  micro- 
800^)0  is  focused  on  a  line  in  the  equatorial  plane.  These  differences  are 
much  too  large  to  escape  detection. 

Postscript. 

Being  anxious  to  complete  the  theory  of  the  images  free  from  astig- 
matism by  determining  in  what  cases,  if  in  any,  they  could  be  formed  by 

*  •  Annalea  de  Ohimie,'  torn.  i.  (1874)  p.  289. 

Digitized  by  VjOOQ IC 


1877.]     On  Resistance  to  the  Passage  of  an  Electric  Current.      401 

tranflmusioii  in  a  perpendicular  direction  across  a  crystalline  plate  cut 
otherwise  than  perpendiqular  to  a  principal  plane,  I  have  since  worked 
out  the  diJOPerential  equation  (between  two  parameters)  of  the  lines  of 
curvature  of  the  wave-surface,  the  discussicm  of  which  shows  that  there 
are  no  umbilici  out  of  the  principal  planes.  Hence  the  four  directions 
determined  by  equations  (15)  are  the  only  ones  perpendicular  to  which 
if  a  plate  be  cut  one  of  the  images  is  free  from  astigmatism. — October 
1877. 


XI.  "Notes  on  Physical  Geology. — ^No.  III.  On  the  probable 
Age  of  the  Continent  of  Asia  and  Europe ;  and  on  the  Abso- 
lute Measure  of  Geological  Time.''  By  Rev.  S.  Hauohton^ 
M.D.,  D.C.L.,  P.R.S.,  Professor  of  Geology  in  the  University 
of  Dublin.     Received  June  11,  1877. 

This  paper  was  withdrawn  by  the  Author  after  the  reading,  for  correc- 
tion of  a  numerical  error,  and  will  appear  as  amended  next  Session. 

The  Society  then  adjourned  over  the  Long  Vacation,  to  Thursday, 
November  15. 


*'On  the  Increase  in  Resistance  to  the  Passage  of  an  Electric 
Current  produced  on  certain  Wires  by  Stretching.''  By  Her- 
bert ToMLiNSON,  B.A.,  Demonstrator  of  Natural  Philosophy, 
Sling's  College,  London.  Communicated  by  Prof.  W.  G.' 
Adams,  P.R.S.  Received  November  14, 1876.  Read  Decem- 
ber 21*. 

The  object  of  this  inquiry  was  (1)  to  determine  the  relation  between 
increased  resistance  to  the  passage  of  an  electric  current  and  stretching- 
force  ;  (2)  to  ascertain  how  much  of  the  increased  resistance  in  each  case 
is  produced  by  mere  increase  of  length  and  diminution  of  section. 

In  order  to  determine  the  increase  of  resistance  from  stretching,  the 
wires  were  each  divided  into  two  parts  about  14  feet  or  more  in  length. 
One  end  of  each  part  was  fastened  to  a  stout  hook,  firmly  fixed  into  a 
block  of  wood,  the  two  hooks  used  being  about  8  inches  apart,  and  the 
block  of  wood  in  which  they  were  fixed  securely  fastened  across  two 
strong  uprights,  which  were  placed  resting  against  the  wall,  so  that  the 
weights  attached  to  the  wires  might  swing  clear  of  the  table  on  which 
the  uprights  were  placed.    A  loop  was  made  at  the  other  end  of  each  part 

*  SeeProo.  Eoy.  Soc  voL  xxr.  p.  461. 
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of  the  wire,  and  to  this  the  weights  were  attached  by  means  of  strong 
hooks.  The  two  parts  of  the  wire  were  jmned  at  the  top,  about  2  inches 
below  each  hook,  by  a  piece  of  copper  wire,  which  was  securely  soldered 
on  to  each  part  of  the  wire,  so  as  to  connect  them ;  and  toward  the 
lower  extremities  of  the  two  parts,  about  5  inches  aboTe  the  points  of 
attachment  of  the  weights,  two  copper  wires  were  soldered  ^  as  to  con- 
nect the  wires  with  a  Wheatstone's  bridge.  The  increase  of  resistance 
of  the  wires  was  measured  by  means  of  a  sliding  scale  of  platinum  wire, 
divided  into  millimetre  divisions,  each  equal  to  -00166  ohm.  As  the 
object  was  to  obtain  the  temporary  and  not  the  permanent  increase  of 
resistance  (which  permanent  increase  was  foimd  more  or  less  with  all 
the  wires),  weights  slightly  heavier  than  those  intended  to  be  used  were 
first  put  on  and  taken  ofE.  Afterwards  the  wire  was  balanced  as  nearly 
as  possible  by  German-silver  wire,  without  the  sliding  scale,  and  then 
very  exactly  with  the  sliding  scale,  which  was  connected  with  one  of  two 
resistance-coils  of  100  ohms  each,  which  formed  the  other  two  sides  of 
the  bridge.  The  weights  used  were  then  carefuUy  put  on  to  the  wires, 
and  the  increase  of  resistance  measured  by  means  of  the  sliding  scale ; 
the  weights  were  next  taken  off  again,  and  the  sliding  scale  used  tor 
balancing  once  more.  If  there  was  any  slight  difference,  as  sometimes 
occurred,  between  the  readings  of  the  sliding  scale  before  the  weights 
were  put  on  and  after  they  were  taken  off,  the  mean  of  the  two  readings 
was  taken. 

In  order  to  secure  still  greater  accuracy,  as  many  as  eight  or  ten  triak 
were  frequently  made  with  each  particular  weight,  and  the  mean  of  all 
the  trials  taken.  This  precaution  was  necessary,  as  there  were  continual 
small  variations  from  slight  changes  of  temperature  in  the  air  of  the 
room.  These  variations  of  temperature  caused  at  first  great  trouble  in 
the  case  of  iron  and  steel  wires,  as  the  slightest  difference  of  tempera- 
ture was  at  (mce  shown  by  the  shifting  of  the  light  on  the  scale  of  the 
Thomson's  reflecting  galvanometer  employed.  This  instrument  was  so 
delicate  that  the  warmth  of  the  hand  placed  6  inches  from  the  wire 
caused  a  perceptible  shifting  of  the  light.  It  was,  indeed,  partly  owiog 
to  this  difficulty  that  the  observation  of  the  permanent  increase  from 
stretching  was  not  attempted.  I  have,  however,  since  devised  a  plan  for 
getting  rid  of  this  alteration  from  changes  of  temperature,  and  I  hope  to 
be  able  to  make  other  experiments  with  wires  in  which  the  permanent  as 
well  as  the  temporary  increase  of  resistance  will  be  observed.  Most  of 
the  observations  of  the  steel  and  iron  wires  were  made  at  first  in  the 
evening,  with  the  doors  and  windows  shut,  as  it  was  found  almost  im- 
possible to  take  very  exact  observations  in  the  daytime. 

The  disposition  of  the  wires  is  shown  in  the  accompanying  sketch.  In 
order  to  avoid  heating  the  wires  by  the  current,  a  single  Leclanch^  cell 
was  employed,  and  an  increase  of  resistance  s^^j^iy  of  the  whole  could 
r\'isily  be  measured. 
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W.  Wooden  block. 

L.  Leclanch^  oelL 

O,  O.  Resistanoes  of  100  ohms  each. 

B.  German  silrer  used  to  balance  wire. 

C,  C,  C.  Connecting-wires  of  copper. 
S.  Sliding  scale. 

G.  Galvanometer. 

In  this  maDner  4  pianoforte  steel  wires,  1  commercial  steel  wire, 
3  iron  wires,  and  4  brass  wires  were  examined  with  several  different 
weights. 

In  the  case  of  all  the  wires  of  different  sections  and  materials,  it  was 
found  that  the  increase  of  resistance  was  exactly  proportional  to  the 
stret<jhing-weight.  In  order  to  show  this  the  increased  resistance  per 
lb.  weight  for  the  different  weights  employed  is  given  in  the  following 
Table,  for  the  first  three  steel  wires  examined,  as  with  them  a  greater 
number  of  different  weights  were  employed  than  with  the  other  wires  :— 
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Number  of  pounds 

employed  to  stretcb  the 

wire. 

Inoreaae  per  pound, 
redkoned  in  diTinona  of  the 

8ud  (No.  1). 

Section  in  square  inches 
determined  from  loss  of 
weight  of  a  given  length 
of  the  \nre  in  water  at 
4°C.  =  2231xlO-T. 

Total  length  of  wire  em- 
ployed=27-46  feet. 

2 

3 

4 

5-76 

8-42 

9-75 

12 

12-5 

36-8 
36-8 
•  36-9 
36-8 
36-8 
370 
36-7 
36-4 

Mean..  36-78 

Sua  (No.  2). 

Section  in  square  inches, 
6628x10-'. 

Total  length  of  wire  em- 
ployed s  27*5  feet. 

2-75 

8 
16 
20 
24 
28 

12-72 
12-52 
12-52 
12-52 
12-52 
12-32 

Mean..  12-52 

sua  (No.  3). 

Section  in  square  inches, 
12563x10-'. 

Total  length  of  wire  em- 
plo7ed=27-65  feet. 

8 
12 
14 
20 
28 
40 

6-07 
6-08 
6-07 
6-05 
6-06 
6-08 

Mean..  6069 

Though  a  smaller  number  of  different  weights  were  employed  with  the 
other  wires,  the  proportion  of  the  increase  of  resistance  to  the  siaretch- 
ing-weight  was  quite  as  exact  as  in  the  case  of  the  three  examples  given, 
never  less  than  three  different  weights  being  used,  and  each  of  these 
tried  several  times. 

The  increase  of  resistance  which  a  cubic  centimetre  of  each  wire  would 
experience  when  stretched  by  a  weight  of  1  gramme  was  then  calcu- 
lated, and  also  the  resistance  of  a  cubic  centimetre  of  each  wire  in  ohms 
determined.  The  former  values  will  be  denoted  by  A,  and  the  latter  by 
the  letter  8, 

The  following  Table  gives  the  values  of  A,  «,  the  section  of  each  wire 
in  square  inches,  and  its  specific  gravity :— - 
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tabnaal). 

Section  in  aqnare 

iudies,  deter- 
mined fromloas 
of  weight  in 
water  at  4«0. 

Tnerease  of  re- 
riitanoe  of  1  eub. 

oentim.  for  a 
(tretching-foroe 

of  1  gramme, 

Beostanoeof  1 

eub.  oentim.  of 

the  wire, 

Steel 
No.  1 

7-8630 
7-8240 
7-7946 
7-8280 

7-7072 

2231x10-^ 

6528xl0-» 

12563  xl0-» 

21009  X 10-» 

8477x10-1 

Ohma. 
3009x10-" 
3159x10-" 
3446x10-" 
2982x10-" 

3511x10-" 

Ohms. 
1574-8  xl0-« 
1663-1x10-8 
1882-4  xl0-» 
1628-7x10-8 

1847-0x10-8 

„    2 

„    3 

>»    **  ...••• 

„    4 

„    6  (Commepcial  \ 
Bted)....  J 

Iron. 
No.  1 

7-7496 
7-6300 
7-6409 

5003X10-T 
10239  xlO-» 
19010  xlO-T 

2667x10-" 
2637x10-" 
2712x10-" 

1217-6x10-8 
1200-8x10-8 
1291-0x10-8 

..    2 

„    3 

»»    •^ 

No.  1 

8-4879 
8-4984 
8-4965 
8-5048 

5781x10-^ 

8782X10-T 

11327  xl0-» 

18258  xlO-» 

1843x10-" 
1729x10-" 
1665x10-" 
1809x10-" 

666-7x10-8 
782-2x10-8 
744-8x10-8 
742-9  X 10-8 

2 

3 

"    4              ... 

>»    ^ 

The  values  of  A,  divided  hj  those  of  «,  will  give  the  increase  of  resist- 
ance for  a  stretching-weight  of  1  gramme  per  unit  of  resistance.    The 

following  Table  gives  the  valnes  of  -  for  the  different  wires : — 


Values  of  ' » or  increase  of  resistance  per  unit  of  resistance  for  a  stretch- 
ing-weight of  1  gramme  on  a  cubic  centim.  of  the  material. 

Steel. 

(1)    1910-4x10-13) 

(2)    1910-4  X 10-13    Mean=1876-6  x  10-".     Greatest  de- 

(3)    1830-6  X 10-"  >    parture  from  mean  value  less  than 

(4)    1826-6xl0-uf     2-7percent. 

(6)    1900-7  xlO-wj 

Iron, 

5JJ    ••;     S-SxlO-wl*'^'"^^^^'^^^^^^^      Greatest  de. 

S^l    2100-1 X 10-13  I      P*^^*'^!'®  ^°i  i"®*"!  ^^^^  ^  P®^  ^n*^* 
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Brass, 

(1)    2229-2x10-12^ 

(2)    2211-8x10-12 

(3)    2101-5x10-12 

(4)    2435-0x10-12 


Mean=2244-9x  10-12.  Greatest  de- 
parture from  the  mean  about  8*5  per 
cent. 


It  will  be  seen  from  the  last  Table  that  the  values  of  -  are  as  constant 

as  could  be  expected  in  the  case  of  wires  of  the  same  material,  but  differ 
for  wires  of  different  materials,  being  greatest  for  brass. 

The  value  of  Young's  modulus  for  some  of  the  wires  was  ascertained 
in  the  usual  manner  with  the  cathetometer.  The  wires  were  firmlj 
secured  at  the  top  of  a  staircase,  and  a  mark  placed  about  3  feet  above 
the  point  of  attachment  of  the  weights  at  the  bottom,  so  that  the  stretch- 
ing of  about  21  feet  of  the  wire  could  be  observed  and  the  increase  of 
length  for  different  weights  observed.  A  mark  was  also  made  neur  the 
top  of  the  wire,  in  order  to  examine  if  there  was  any  yielding  of  the 
support  to  which  the  upper  end  of  the  wire  was  attached,  and  for  some 
of  the  wires  a  reading  was  taken  both  at  the  top  and  bottom  marks ;  but 
as  after  several  trials  there  was  no  apparent  yielding,  in  the  last  experi- 
ments made  the  mark  only  at  the  bottom  was  observed.  Weights 
heavier  than  those  intended  to  be  used  were  first  put  on  and  then  taken 
off  again  several  times  ;  finaUy  a  weight  was  left  on  the  wire  sufficient  to 
keep  it  perfectly  straight.  Then  weights  were  carefully  added,  the  in- 
crease of  length  observed  with  the  cathetometer ;  and  the  weights  having 
been  taken  off,  another  reading  taken,  and  if  there  was  any  slight  diffe- 
rence in  the  readings  before  adding  the  weight  and  after  taking  it  off, 
the  mean  of  the  two  readings  was  taken.  The  results  agreed  very  fairly 
with  each  other — how  much  so  may  be  gathered  from  the  following 
example  (two  trials  with  each  weight  were  taken) : — 

Iron  (No.  2). 

For  a  stretching-weight  of  A  lengthening  was  observed  of 

10220  grammes -0005774  m.m.  per  gramme. 

7710      „         -0005837    „ 

17930      „         -0005828     „ 


Mean -0005813    „ 

The  result  may  be  taken  as  a  fair  average  of  the  values  obtained  with 
the  other  wires. 

The  value  of  Young's  modulus  was  also  ascertained  by  means  of 
longitudinal  vibrations  of  sound.  The  two  ends  of  the  wire  to  be 
examined  were  securely  soldered  into  two  strong  flat  iron  bars,  one  of 
the  bars  was  fastened  in  a  vice,  firmly  secured,  whilst  the  other  bar  was 
held  in  the  hand,  and  the  wire  pulled  with  sufficient  force  to  enable  a 
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dear  note  to  be  got  out  of  the  wire  by  rubbing  it  longitudinallj  with  a 
resined  glove.  The  wire  was  then  clipped  in  the  centre  and  rubbed  again 
to  test  the  security  of  the  ^tenings,  as  it  was  found  that  if  the  bar  in 
the  yioe  was  not  well  secured  the  note  produced  by  clipping  in  the  centre 
was  not  the  octave  of  the  note  given  out  by  the  undipped  wire,  but  if 
the  bar  were  well  &stened  a  dear  and  perfect  octave  could  be  produced. 

The  number  of  longitudinal  vibrations  was  ascertained  by  means  of  the 
siren,  generally  three  or  four  trials  of  3  minutes  each  being  taken.  In 
this  work  I  was  assisted  by  Mr.  Furse  (the  assistant  to  the  Professor  of 
Natural  Philosophy  at  King's  College),  to  whom  I  am  much  indebted  for 
help  in  my  experiments.  The  records  of  the  siren  were  very  good 
indeed,  in  every  case  there  never  being  a  greater  difference  than  -^^  per 
cent.,  and  in  many  cases  less.  But  on  experimenting  with  different 
lengths  of  the  wires  the  values  of  the  modulus  would  vary  as  much  as 
1  or  2  per  cent.,  so  that,  though  some  of  the  values  obtained  are  recorded, 
I  have  chosen  the  more  reliable  ones  of  the  cathetometer  for  calculating 
the  increase  of  length  of  each  wire  when  stretched. 

In  the  following  Table  the  amount  of  lengthening  which  a  cubic  centi- 
metre of  each  wire  experiences  for  a  stretching-force  of  1  gramme  is 

given ;  these  values  will  be  denoted  by  —  : — 


Values  of— obtained  from 
e 

obeerrationB  with  ih» 
oathetometer. 
Steel. 

(1). -• 

(2) 6279xl0-i» 

(3) 6082X10-W 

(4) -• 

(5) 5665xX0-w 

Iran. 

(1) 4896X10-W 

(2) 6938xl0-i« 

(3) 5435x10-" 

Brass. 
(1) 10120xl0-i» 


YaluBB  of — obtouMd  from 

obeerrations  on  long!- 

tndinal  vibration*. 


4866xl0-w 
4928x10-1* 
6073X10-W 


In  the  case  of  those  wires  marked  ^  there  was  not  suffident  length  to 
take  good  observations  with  the  cathetometer. 

Again  dividing  the  values  of  —  by  those  of  —  we  shall  obtain  the  in- 

s  e 

crease  of  resistance  per  unit  of  resistance  per  unit  increase  of  length. 
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Again  subtracting  from  the  values  of  —  those  of  —  we  shall  obtain 

the  residual  alteration  of  resistance  produced  by  the  stretching-force. 

[Since  making  the  above  experiments  I  have  found  that  Sir  William 
Thomson  has  investigated  the  effects  of  strain  on  iron  and  copper,  and 
states  that  he  attempted  to  eliminate  the  effects  of  elongation  and  nar- 
rowing, and  had  very  nearly  established,  for  iron  wire  at  least,  that  the 
augmented  resistance  due  to  tension,  either  temporary  or  permanent,  is 
a  very  little  more  than  can  be  accounted  for  by  the  change  of  form. 
(Phil.  Trans.  Feb.  28,  1866,  §  162.)]      . 

In  the  following  Table  are  shown  the  results  obtained : — 


Torsional 

rigidity  in  grms. 

per  8q.  cent  =r. 


h  h  ^ 

S-a" 
IJl 

o 
'13 


i| 


Inorease  of  re- 
sistance per  unit 

of  resistance, 
resulting  from  in 

crease  of  length 
and  diminution  of 

section, = — . 


Besidual  increase  of 

resistance  per  unit  of 

resistance  resulting 

from  the  stretching. 


Sted. 

(2)  .... 

(3)  .... 

Iron. 

(1)  .... 

(2) 

Bmss, 
(1)   .... 


746-6  xlO-« 
782-3  xlO-« 


771-1 
637-2 


•269    811-6x10-12 
-259    770-1 X 10-13 


332-5 


•325 
•321 


•486 


807-6x10-12 
975-2x10-13 


995-5x10-13 


1098-8  X 10-12 
1060-4x10 


--} 


1292-7x10-13  \ 
1221-4x10-13  J 


233-7x10-13 


Mean. 
1079-6x10-13 

1257-6x10-13 
233-7x10-13 


It  would  appear  from  this  last  Table  that  the  increase  of  resistance 
produced  by  a  given  stretching-force  is,  in  the  case  of  steel,  iron,  and 
brass,  not  to  be  accounted  for  by  mere  increase  of  length  and  diminu- 
tion of  section  of  the  wire;  and  the  residual  increase  of  resistance, 
which  results  from  subtracting  from  the  whole  observed  increase  that 
due  to  mere  increase  of  length  and  diminution  of  section,  is  greater 
in  iron  than  in  steel,  and  much  greater  in  steel  than  in  brass.  In 
all  probability  this  residual  increase  is  due  to  the  increased  distance 
between  the  particles  of  the  wire  along  the  line  of  flow  of  the 
current ;  and  perhaps,  if  we  examined  the  effect  of  strain  in  a  direc- 
tion perpendicular  to  the  direction  of  the  current,  there  would  be  a 
diminution  of  resistance ;  but  I  have  experiments  now  in  hand  by  which 
I  hope  to  show  the  effect  of  strain  in  a  direction  at  right  angles  to  that 
of  the  current.     In  conclusion,  I  may  mention  that,  in  testing  for  the 
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increase  of  resistance  ttom  stretching,  when  the  weights  were  taken  off 
the  wire  did  not  immediately  attain  the  resistance  which  it  oltimately 
settled  at,  bat  gradually  recovered  itself  in  about  three  minutes. 

This  effect  was  very  perceptible  with  the  thicker  wires,  where  heavy 
weights  were  employed.  I  suppose  the  effect  may,  at  any  rate,  be  partly 
attributed  to  the  heat  which  would  be  generated  when  the  wire  recoveired 
its  former  volume ;  but  I  am  not  at  all  satisfied  that  the  whc^e  of  the  effect 
observed  was  due  to  this  cause. 

The  conclusions  to  be  drawn  from  the  experiments  are : — 

1.  That  the  temporary  increase  of  resistance  of  a  wire  when  stretched 
iu  the  same  direction  as  tlie  current  is  exactly  proportional  to  the  stretch- 
ing-force. 

2.  That  the  increase  per  cenb.  of  resistance  when  a  cube  of  each  mate- 
rial is  stretched  by  the  same  weight  is  greater  in  iron  wire  than  in  steel 
wire,  and  greater  in  brass  wire  than  in  iron  wire ;  also  that  this  increase 
is  nearly  the  same  for  different  specimens  of  the  same  materiaL 

3.  That  the  increase  per  cent.,  when  the  material  is  stretched  to  the 
same  extent,  is  much  greater  in  iron  and  steel  wires  than  in  bnss  wire, 
and  is  probably  greater  in  iron  wire  than  in  steel  wire. 

4.  That  there  is  a  residual  increase  in  each  case,  over  and  above  that 
which  would  follow  from  mere  increase  of  length  and  diminution  of  sec- 
tion, that  this  residual  increase  is  much  greater  in  iron  and  steel  ihan  in 
brass,  and  greater  in  iron  than  in  steel. 
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frame  of  Albert  von  Haller,  by  Van  Stoppelaer,  presented  by  Dr.  Sbarpey, 
P.EJ3.,  were  laid  before  the  Meeting ;  and  after  the  President  had  read 
the  following  letter,  a  special  vote  of  thanks  was  given  to  the  donors  of 
the  paintings : — 

Not.  H  1877. 
Deab  Mb.  PEBSiDEirr, — I  take  leave  to  offer  for  the  acceptance  of  the 
Boyal  Society  the  accompanying  Portrait,  painted,  as  appears  from  an 
inscription  on  the  back,  by  C.  van  Stoppelaer  in  1765,  and  believed  to  be 
a  likeness  of  Haller.  I  regret  I  am  unable  to  give  any  history  of  the 
picture,  except  that  M.  Michel,  a  foreign  gentleman  from  whom  I  ac- 
quired it,  informed  me  that  it  had  been  for  many  years  in  the  possession 
of  his  wife's  family,  and  was  reputed  to  be  a  portrait  of  Haller.  The 
date  1765  would  correspond  with  the  57th  year  of  Haller^s  life. 

I  remain, 

Tours  faithfully, 
Sir  J.  D.  Hooker,  PJI.S.  W.  ShAhpet. 


The  Bakerian  Lecture — ^^'On  the  Organization  of  the  Fossil 
Plants  of  the  Coal-measures. — Part  IX.  On  the  latest  Re- 
searches into  the  Organization  of  the  Fossil  Plants  of  the 
British  Coal-measures^  especially  of  the  Catamites  and  Lepi- 
dodendra'' — was  then  delivered  by  W.  C.  Williamson,  F.R.S., 
Professor  of  Natural  History,  Owens  College,  Manchester. 
The  following  is  an  abstract : — 

The  first  plant  noticed  is  one  of  which  a  transverse  section  was 
figured  in  the  lecturer's  Memoir,  Part  I.,  under  the  belief  that  it  was 
Calamitean.  It  now  proves  not  to  be  so,  but  is  a  branching  non-arti- 
culated plant,  lacking  the  nodes  and  the  longitudinal  intemodal  canals  so 
characteristic  of  the  Calamites.  It  has  a  large  parenchymatous  medulla 
with  radiating  prolongations  separating  the  very  distinctly  defined  wedges 
of  the  vascular  zone.  From  the  peculiar  shape  thus  given  to  transverse 
sections  of  the  medulla  the  author  has  assigned  to  the  plant  the  provisional 
name  of  Astromyelon.  In  the  place  of  the  canal  of  Calamites  the  thin 
medullary  extremity  of  each  vascular  wedge  is  occupied  by  a  few  larger 
and  often  more  conspicuous  vessels  than  those  forming  the  rest  of  the 
wedge.  The  medulla  further  differs  from  that  of  Calamites  in  being  rarely 
fistular.  Each  wedge  consists  of  a  series  of  regular  radiating  laminse  of 
barred  vessels  separated  by  numerous  medullary  rays — ^the  latter  varying 
in  composition  from  a  solitary  cell  to  numerous  cells  arranged  in  single 
vertical  series.  Kearly  all  the  stems  and  branches  of  this  plant  are 
found  to  be  decorticated.  One  specimen  found  by  Mr.  Butterworth  is 
surrounded  by  a  very  thin  cortex  consisting  only  of  three  or  four  layers 
of  parenchymatous  cells.    Astromyelon  forms  another  example  of  the 
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numerous  carboniferous  plants  whose  vascular  zone  grew  by  exogenous 
additions,  yet  the  exclusion  of  every  modification  of  tissue,  except 
barred  vessels,  from  the  vascular  lamins  suggests  Cryptogamic  rather 
than  Gymnospermous  affinities. 

Astromyehn  is  the  only  distinct  ttpb  of  plant  left  undescribed  in  the 
lecturer's  previous  Memoirs ;  but  he  has  obtained  a  considerable  amount 
of  additional  information  respecting  some  of  those  previously  examined. 

Calamites, — ^A  description  is  given  of  a  series  of  specimeus,  beginning 
with  very  small  twigs  composed  of  parenchyma,  which  is  only  divided 
into  pith  and  bark  by  a  ring  of  the  intemodal  canals  characteristic  of 
Calamites.  The  medulla  is  continuous  and  not  fistular.  Then  follow 
others  in  which  veiy  slight  traces  of  vascular  tissue  are  seen  external  to 
each  intemodal  canal,  and  which  constitute  the  beginnings  of  a  corre- 
sponding number  of  vascular  wedges  ;  still  higher  in  the  series  of  sections 
others  are  arrived  at  in  which  these  vascular  wedges  are  more  fully  deve- 
loped ;  the  medulla  has  become  fistular  and  the  cortical  cells  are  differ- 
entiated into  a  coarser  tissue  than  the  medullary  one.  A  Oalamite  of 
much  larger  dimensions  is  then  described,  in  which  the  fistular  me- 
dulla is  enclosed  within  a  large  vascular  cylinder,  the  component  radiating 
laminsB  of  which  are  fully  two  inches  in  length.  Sections  of  this  ex- 
ample show  that  the  peculiar  Calamitean  features  seen  both  in  trans- 
verse and  tangential  sections  of  all  young  specimens,  and  which  features 
are  also  very  distinctly  seen  at  the  inner  portion  of  the  vascular  zone  of 
the  specimen  described,  almost  wholly  disappear  towards  its  periphery. 
The  bark  of  this  example  has  undergone  marked  development  and  differ- 
entiation. There  is  an  inner  zone  of  parenchyma,  passing  quickly  into  a 
thick  middle  one  of  prismatic  cells,  identical  \iith  the  "  couche  subereuse  " 
of  M.  Eenault,  or  corky  layer  seen  in  Lepidodendron  and  Sigillaria.  This 
has  obviously  not  been  the  outermost  layer  of  the  bark ;  the  specimen 
had  been  weather-worn.  A  series  of  additional  facts  are  given,  illustra- 
ting the  nature  of  what  the  lecturer  has  previously  termed  the  infranodal 
canals,  and  also  the  structure  and  arrangement  of  the  branches  given  off 
from  the  nodes.  He  shows  that  the  young  branches  do  not  exhibit  aU  the 
peculiar  Calamitean  conformation  until  they  have  emerged  from  the  vascular 
zone  of  the  parent  stem ;  whilst  older  ones  develop  a  thick  vascular  zone,  like, 
and  continuous  with,  that  of  the  parent  stem.  Hence  he  concludes  that 
the  minute  specimens  already  referred  to  in  which  the  intemodal  canals 
exist,  but  have  few  or  no  vascular  bundles  associated  with  them,  are  pro- 
bably not  branches,  but  young  plants  developed  directly  from  spores. 

The  lecturer  again  points  out  the  extreme  improbability  that  two  genera 
belonging  to  types  so  widely  apart  from  each  other  as  the  Gymnosper- 
mous Exogens  and  the  Cryptogamous  Equisetaceae  should  exhibit  such 
minuto  organic  resemblances  as  obviously  exist  between  the  supposititi- 
oiisly  separate  genera  Calamodeiidron  and  Calamites,  Further  it  is  to  be 
remembered  that,  notwithstanding  the  extreme  abundance  of  the  supposed 
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equisetiform  Calamites  in  the  shalee  of  the  Coal-measures,  no  one  has  yet 
discovered  a  single  fragment  retaining  its  internal  organization  that  does 
not  prove  to  be  a  so-called  Galamodendron.  He  shows  that  the  organization 
of  the  latter  specimens  explains  the  minutest  details  of  the  common 
impressions  and  casts  found  in  the  shales  and  sandstones  of  the  Coal- 
measures  ;  and  hence  he  continues  to  hold  his  previous  opinion  that  the 
separation  of  the  Carboniferous  Calamites  into  two  types  is  a  fundamental 
error,  and  unsupported  by  any  justifying  facts. 

M.  Grand'Eury  having  disputed  the  lecturer's  conclusions  respecting  the 
structure  of  AsterophyllUes^  under  the  supposition  that  Sphenophylla  have 
been  mistaken  for  examples  of  that  genus,  an  additional  example  is  pub- 
lished, demonstrating  that  the  long  linear  leaves  were  uninerved,  and  that 
consequently  the  specimens  could  not  possibly  have  been  Sphenophylla y 
the  essential  characteristic  of  that  genus  being  that  it  is  multinerved. 

Lepidodendron  and  Sigillaria. — The  lecturer  notices  the  continued  sepa- 
ration of  these  two  genera  by  M.  Grand'Eury  and  some  other  observers, 
and  especially  the  unintentional  misrepresentation  by  M.  Grand'Eury  of 
the  facts  which  lead  the  lecturer  to  recognize  a  very  close  relationship 
between  them.  The  only  distinction  which  is  supposed  to  exist,  even  by 
the  most  earnest  advocates,  for  making  Lepidodendron  a  Cryptogam  and 
Sigillaria  a  flowering  Gymnosperm,  is  the  presence,  in  Sigillaria^  of  an 
outer  exogenous  vascular  zone,  in  addition  to  the  inner  non-exogenous 
one  seen  in  all  the  Lepidodendra,  M.  Grand'Eury  admitfl,  in  the  most 
definite  language,  that  in  all  other  features  these  groups  of  plants 
possess  exactly  the  same  organization.  The  lecturer  recalls  attention  to 
the  fact  that  in  the  Burntisland  Lepidodendron,  supposed  to  be  L.  VeUhei- 
mianunij  the  exogenous  zoi^  is  absent  from  the  young  twigs,  but  is  gra- 
dually developed  in  the  ^wigs  as  they  expand  into  branches;  hence, 
according  to  the  Brongniartian  hypothesis,  the  plant  is  a  Lepidodendron 
in  its  young  state,  and  a  Sigillaria  in  its  matured  condition.  Additional 
illustrations  are  given  from  the  stems  of  Lepidodendron  selaginoides^  the 
species  in  which  the  exogenous  zone  is  the  least  developed  of  any  of  the 
plants  which  possess  such  a  zone,  but  which  has  no  claim  whatever,  beyond 
its  possession  of  an  exogenous  cylinder,  to  be  r^arded  as  a  Sigillaria. 
The  minute  details  of  the  structure  of  that  zone,  though  feebly  repre- 
sented, exhibit,  nevertheless,  every  essential  characteristic  of  the  same 
zone  in  Sigillarian  stems.  These  and  other  similar  facts  lead  the  lecturer 
to  adhere  to  his  previous  conclusions,  and  to  regard  the  SigUlarice  as 
Cryptogams,  representing  only  the  highest  forms  of  the  Lepidodendroid 
type  of  vegetation — conclusions  to  which  some  more  recent  investigations 
of  the  Arran  fossils,  to  be  published  in  a  future  memoir,  give  the  clearest 
support. 

A  very  remarkable  series  of  Lepidodendroid  spores  have  been  dis- 
covered in  the  Halifax  beds  by  Mr.  Spencer  and  Mr.  Binns.  The  most 
abundant  of  these  are  microspores  of  the  usual  type  associated  with 

Digitized  by  VjOOQ IC 


414  Prof*  W.  C.  WaiianiBon  on  the  [Nov.  15, 

numerous  macrospores  of  a  new  form.  These  are  round  bodies  with  a 
curious  projecting  organ  on  one  side  surrounded  by  a  thickened  ring  of 
the  spore  wall,  reminding  the  observe  of  the  projection,  with  its  thickened 
surrounding  ring,  seen  at  the  apex  of  the  macrospores  of  Isoetes  lacustris. 
These  macrospores  have  their  exteriors  irregularly  clothed  with  numer- 
ous long  radiating  hair-like  fringes^  some  of  which  are  simple,  others 
branched  twice  or  three  times,  whilst  in  the  interior  of  some  of  them 
the  endospermic  cells  are  beautifully  preserved.  Along  with  these 
Messrs.  Binns  and  Spencer  have  discovered  a  new  and  very  remark- 
able Lepidostrohus.  Its  almost  spherical  sporangia  contain  numerous 
spores  arranged  in  tetrasporal  clusters,  each  cluster  being  imbedded 
in  a  larger  group  of  motiier  and  their  sister  cells,  which  are  exqui- 
sitely preserved.  Each  united  cluster  of  four  spores  is  about  y^^  of 
an  inch  in  diameter.  Whether  these  objects  are  a  new  and  very  large 
species  o£  microspore — ^macrospores  clustered  in  unusual  numbers  within 
the  same  sporangium— -or  whether  they  are  merely  mother  cells  from 
which  at  a  later  period  clusters  of  microspores  would  be  developed,  is 
doubtful.    Some  of  these  tetraspores  enclose  a  number  of  minute  c^s. 

Along  with  the  above  other  smaller  forms  of  what  f4)pear  to  be  macro- 
spores have  been  found.  Their  exterior  is  adorned  with  short  trifid 
appendages,  calling  to  memory  the  fossil  Xanthidia  of  flint  and  the 
zygospores  of  some  of  the  Desmidiee.  Borne  remarkable  sporif^^ous  (?) 
cavities  imbedded  in  parendiyma  significantly  recall  the  imbedded 
sporangia  of  Ophioglossum  vti^atum,  whilst  a  very  singular  section  of  a 
iiather  large  hollow  spherical  body,  composed  of  a  single  layer  of  hour- 
glass-shaped cells  arranged  vertically  to  its  surface,  and  many  of  which 
cells  are  prolonged  into  external  hairs,  bears  ncynconsiderable  resemblance 
to  a  section  of  a  sporatagiocarp  of  Iso^es  lacustns. 

Ferns. — Two  types  of  stem  or  petiole,  not  hitherto  met  with  in  York- 
shire or  Lancashire,  have  been  found  recently.  One  of  these  is  from 
Oldham,  whence  it  was  obtained  by  Mr.  Isaac  Eamshaw.  It  is  a  petiole 
differing  so  little  from  the  Ch&noH6p$elis  Gleiehfe  of  Corda  that  the  lecturer 
has  Included  it  in  his  provisional  genus  BachiopUris  as  E.  Gleichce, 

The  affinities  of  the  second  plaht  are  more  doubtful.  It  is  a  cylindrical 
axis  froln  Halifax,  where  it  was  found  by  Messrs.  Spencer  and  Binns,  to 
both  of  whom  the  lecturer  is  indebted  for  specimens  of  it.  Its  most  con- 
spicuous feature  is  its  very  large  central  vascular  bundle,  which  is  a  cy- 
lindrical mass  of  barred  vessels.  The  bundle  is  of  much  larger  dimensions, 
proportionate  to  the  size  of  the  stem,  than  in  any  Fern  or  Lycopodiaceous 
plant  that  has  hitherto  been  found  in  the  Coal-measures.  It  gives  ofE 
branches  almost  at  right  angles  to  the  main  axis,  and  these  are  met  with 
of  all  sizes,  from  '066  of  an  inch  down  to  a  mere  speck.  In  some  respects 
this  plant  has  a  Lycopodiaceous  aspect,  especially  in  the  size  and  appear- 
ance of  its  central  bundle.  The  bark,  too,  consists  of  an  inner  layer  of  deli- 
cate parenchyma  fend  an  outei*  one  of  coarser  cells.   These  t\^'o  are  Lepido- 
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dendroid  features.  The  provisional  name  of  Eaehtopteris  cylindrtca  is  as* 
signed  to  it. 

Two  fragments  have  been  met  with  that  correspond  very  closely  with 
some  figured  by  M.  Orand'Sury  as  belonging  to  Cordaites.  One  of  these 
is  a  fragment  of  epidermis  densely  crowded  with  stomata ;  the  other  is 
part  of  the  txansverse  «eetioA  of  a  leaf  exhibi^ipg  ^  WgU  row  of  v^ascuh&r 
bundles. 

The  Arran  beds  have  furnished  a  very  striking  "fri^gment  oi  wood  to 
which  the  lectiurer  gives  the  name  of  l/yginod^ndronuwrnalum^  and  wjbieh 
appears  to  exhibit,  in  a  most  exaggerated  form,  the  peculiarities  -of  the 
vascular  axis  of  the  Lyginodendron  Oldhamium  previously  described.  Its 
remi^kable  ch««ctenstic  is  the  eBormous  sise  of  its  medullary  rays,  which, 
in  tangential  sections  of  the  ivood,  have  a  lenticular  shape — a  contour 
which  causes  the  thin  vascular  laminao,  when  seen  in  such  sections,  to 
form  a  perfect  network,  the  large  meshes  of  which  are  x^coupidd  i^  the 
cells  of  the  medullary  rays. 

The  Oldham  nodides  frequently  f uaxash  fragments  of  the  bark  of  some 
large  trees.  One  of  the  most  perfect  of  these  is  described^  and  consists 
of  an  inner  parenchyma,  radiating  into  a  very  thick  layer  of  prismatic 
parenchyma,  and  an  outer  one  of  the  more  common  type  of  parenchyma. 
Intermediate  between  these  two  latter  is  a  very  remarkable  zone  of  meri- 
stem  tissue  where  active  genetic  action  has  obviously  gone  on  dvu-ing  the 
life  of  the  plant.  There  thus  appear  to  have  been  two  parallel  cylindrical 
zones  of  active  growth  in  this  bark — one  between  the  vascular  cylinder 
and  the  innermost  bark,  and  the  other  between  the  prismatic  tissue  or 
modified  bast  layer  and  the  subepidermal  parenchyma.  At  the  junction  of 
the  two  latter  tissues  the  tangential  sections  show  that  the  prismatic  cells 
are  grouped  in  undulating  vertical  lamina,  farming  a  network,  the  meshes 
of  which  are  occupied  by  tabular  parenchymatous  cells  which  stand  on  their 
edges  with  their  fiat  planes  arranged  tangentially  to  the  stem.  These 
cells  indicate  an  extremely  active  ert^te  <jf  ^ell-multiplicatioa.  There  is 
every  probability  that  this  tjrpe  of  bark  is  Sigillarian. 

Some  curious  little  circular  disks,  surrounded  by  a  ring  of  seven  or 
eight  yet  smaller  disks,  are  deacribed :  they  ave  fpom  Halifax.  Their 
Bature  being  problematical,  the  provisional  name  of  Oidospora  anomala  is 
assigned  to  thwn.  The  lecturer  concludes  by  calling  attention  to  the 
remarkable  prevalence  of  prismatic  parenchymatous  cells  in  Calamites, 
Lepidodendron^  Sigtllaria^  and  AsterophyUiies,  in  the  medullary  rays  of 
CaJamites,  and  espedally  in  the  middle  bark  of  all  these  plants,  where  it 
has  constituted  a  modified  form  of  pheQem  or  corky  tissue. 
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November  22, 1877, 

Sir  JOSEPH  HOOKER,  C.B.,  President,  in  the  Chair. 

In  pursuance  of  the  Statutes,  notice  was  given  from  the  Chair  of  the 
ensuing  Anniversary  Meeting,  and  the  list  of  Officers  and  Council  pro- 
posed for  election  was  read  as  follows : — 

Fresidmt. — Sir  Joseph  Dalton  Hooker,  C.B.,  M  J).,  D.C  Ji.,  LL.D. 

Treasurer. — ^William  Spottiswoode,  M.A.,  LL.D. 

^v      .     .    f  Professor  George  Gh^briel  Stokes,  M.A.,  D.C.L.,  LL.D. 

1  Professor  Thomas  Henry  Huxley,  LL.D. 

Foreign  Secretary, — Professor  Alexander  William  Williamson,  Ph.D. 

Other  Members  of  the  Council — Frederick  A.  Abel,  C.B.,  VJP.CS. ; 
William  Bowman,  F.E.O.S. ;  Frederick  J.  Bramwell,  M  J.C.E. ;  William 
B.  Carpenter,  C.B.,M.D.,  D.C.L.;  William  Carruthers,  F.L.S. ;  William 
Crookes,  V.P.O.S.;  Prof.  P.  Martin  Duncan,  M.B.,  P.G.S.;  William 
Farr,  M.D.,  D.C.L. ;  Prof.  WilHam  H.  Flower,  F.E.C.S. ;  Prof.  G.  Carey 
Foster,  B.A.,  F.C.S. ;  John  Eussell  Hind,  F.E.A.S. ;  Lord  Eayleigfa, 
M.A. ;  Vice-Admiral  Sir  G.  H.  Bichards,  O.B. ;  Prof.  Henry  J.  Stephen 
Smith,  M.A. ;  Prof.  Balfour  Stewart,  M.A.,  LL.D. ;  Prof.  Allen  Thorn- 
son,  M.D.,  F.E.S.E. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

Mr.  Brian  Haughton  Hodgson  was  admitted  into  the  Society. 

The  following  Paper  was  read : — 

'^  Remarks  on  the  Attributes  of  the  Germinal  Particles  of  Bacteria, 
in  Reply  to  Prof.  Tyndall.''  By  J.  Burdon  Sanderson, 
M.D.,  LL.D.,  F.R.S.     Received  September  17,  1877. 

Li  a  short  paper  communicated  to  the  Eoyal  Society  at  the  dose  of 
last  Session  Prof.  Tyndall  did  me  the  honour  to  criticize  certain  words 
reported  to  have  been  used  by  me  at  a  meeting  of  the  Association  of 
Medical  Officers  of  Health  in  January  last.  Although  I  am  much  in- 
debted to  him  for  the  opportunity  he  has  thus  afforded  me  of  discussing 
an  important  subject  before  this  Society,  I  cannot  refrain  from  expressing 
my  regret  that  he  should  have  thought  it  desirable  to  quote  at  length, 
and  thus  to  place  on  permanent  record  in  the  Society's  Proceedings,  the 
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expressions  used  on  the  occasion  above  mentioned.  I  regret  this  because 
these  expressions  occur  in  an  abbreviated  and  incomplete  abstract  of  a 
hastily  prepared  discourse  not  intended  for  publication. 

As,  however,  I  am  well  aware  that  Prof.  Tyndall's  purpose  in  his 
communication  was  not  to  criticize  the  language,  but  the  erroneous  views 
which  the  language  appeared  to  him  to  contain,  I  shall  make  no  further 
reference  to  the  quotation,  but  shall  regard  it  as  the  purpose  of  the  pre- 
sent paper,  first,  to  reply  to  the  reasoning  embodied  in  his  last  communi- 
cation, and,  secondly,  to  corroborate  certain  statements  previously  made 
by  me,  to  which  he  has  taken  exception  in  the  more  extended  memoir 
published  in  the  166th  volume  of  the  ^  Philosophical  Transactions.' 

It  will  be  my  first  object  to  enable  the  Fellows  of  the  Eoyal  Society 
to  judge  how  far  the  views  I  entertain  differ  from  those  which  have  been 
enunciated  here  and  elsewhere  by  Prof.  Tyndall.  Biologists  are  much 
indebted  to  him  for  the  new  and  accurately  observed  &cts  with  which  he 
has  enlarged  the  basis  of  our  knowledge,  as  well  as  for  the  admirable 
methods  of  research  with  which  he  has  made  us  acquainted.  As  regards 
the  general  bearing  of  these  facts  on  the  doctrine  of  Abiogenesis,  I  imagine 
that  we  are  entirely  agreed.  So  far  as  I  can  make  out,  the  difference 
between  us  relates  chiefly  to  two  subjects,  namely,  the  sense  in  which  I 
have  employed  the  words  *'  germ  "  and  '^  structure,"  and  the  extent  of 
the  knowledge  at  present  possessed  by  physiologists  as  to  the  structure 
and  attributes  of  the  germinal  particles  of  Bacteria, 

Althoi^h  Dr.  Tyndall,  in  the  title  of  his  paper,  refers  to  my  "  views 
of  ferment,"  yet  as  he  makes  no  further  allusion  to  them,  I  will  content 
myself  with  stating  that  in  the  passage  quoted  the  first  sentence  (from 
the  words  "  In  defining  "  to  the  word  "  living  ^)  has  nothing  to  do  with 
the  following  sentences,  having  been  placed  in  the  position  which  it 
occupies  in  the  quotation  by  the  abstractor.  The  paragraph  ought  to 
begin  with  the  words  **  Ten  years  ago." 

Of  the  meaning  which  attached  itself  to  the  word  "  germ  "  in  the  days  of 
Panspermism  a  correct  idea  may  be  formed  from  the  following  passage 
from  M.  Pasteur's  well-known  memoir  "  Sur  les  Corpuscules  Organises 
qui  existent  dans  FAtmosph^re  " : — "  There  exist,"  says  he,  "  in  the  air  a 
variable  number  of  corpuscles,  of  whicli  the  form  and  structure  indicate 
that  they  are  organized.  Their  dimensions  increase  from  extremely 
small  diameters  to  one  hundredth  of  a  millim.,  1*5  hundredth  of  a  millim., 
or  even  more.  Some  are  spherical,  others  ovoid.  They  have  more  or 
less  marked  contours.  Many  are  translucent,  but  others  are  opaque, 
with  granulations  in  their  interior ...  I  do  not  think  it  possible  to 
affirm  of  one  of  these  corpuscles  that  it  is  a  spore,  still  less  that  it  is  the 
spore  of  a  particular  species  of  microphyte,  or  of  another  that  it  is  an 
egg  or  the  egg  of  a  particular^  microzoon.  I  confine  myself  to  the  decla- 
ration that  the  corpuscles  are  evidently  organized ;  that  they  resemble  in 
every  respect  the  germs  of  the  lower  organisms,  and  differ  from  each 
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other  80  much  in  volume  and  structure  that  they  unquestionablj  belong 
to  very  numerous  species."  Such  are  the  "  germs  "  of  M.  Pasteur,  and 
such  is  the  conception  of  a  germ  which  was  entertained  bj  iafomied 
persons  up  to  1870,  and  is  very  g^ier^ly  entertained  up  to  the  present 
moment**  It  is  obvious  that  these  '^ corpuseoles  organist"  were,  if 
they  had  any  relation  to  the  Bacteria^  not  germs  in  Dr.  l^adaU's  sense, 
but  ^finished  organisms;"  and  yet  it  was  of  ihese  tludi  M.  Fteteor 
said  that  it  was  "  mathematicaUy  proved  "  that  they  were  the  origiaBtors 
of  the  organisms  which  are  developed  in  albuminous  liquids  oontaining 
sugar  when  exposed  to  the  atmosphere. 

With  refer^ioe  to  the  word  **  structure  "  I  would  point  out  €kat  in 
the  passage  quoted  from  my  lecture  it  is  distinctiy  stated  that  l^e 
bacterial  germ  is  endowed  with  structure  in  the  molecular  sense,  but  not 
in  the  anatomical  sense.  The  meaning  t)i  the  expression  **  anatomical 
structure"  was,  naturally,  not  defined,  considering  that  the  persons 
whom  I  was  addressing  might  be  supposed  to  be  familiar  with  it.  As, 
however,  my  failing  to  do  so  has  apparently  led  to  some  uncertMnly  as 
to  my  meaning,  I  must,  to  avoid  future  misunderstandings,  define  more 
oompletdy  the  difference  between  the  two  sens^  in  whidi  the  word  was 
used  by  me. 

The  anatomical  sense  of  the  word  structure  may  be  illustrated  by 
referring  to  its  synonyms,  to  the  fkigltsh  words  texture  axtd  tissi^,  to 
the  Greek  word  iariory  and  to  the  Oerman  word  Oeumbe,  from  which  two 
last  the  words  in  common  use  to  designate  the  science  of  structure,  viz. 
histology  and  Otwebdehre,  are  made  up.  What  I  have  asserted  of  the 
germinal  particles  of  Bacteria  is,  that  no  evidence  exists  of  their  being 
endowed  with  that  particular  texture  which  fonns  the  subject  of  ttie 
science  of  histology.  In  biological  language  there  is  a  dose  relation 
between  the  words  structure  and  organization,  the  one  being  an  ana- 
tomical, the  other  a  physiological  term ;  either  of  these  words  signifies  that 
an  object  to  which  it  is  applied  consists  of  parts  or  stmctond  dements, 
each  of  which  is,  or  may  be,  an  object  of  observation.  As  the  obser- 
vation is  unaided  or  aided,  the  structure  is  said  to  be  macTosco{»cal 
or  microscopical.  The  biologist  cannot  recognize  ultra-microscopical 
structure  or  organization  except  as  matter  of  inference  from  observa- 
tion, i.  c.  from  observing  either  that  other  organisms,  which  there  is 
reason  to  regard  as  similar  to  the  object  in  respect  of  which  structure  is 
inferred,  actually  possess  visible  structure,  or  that  the  object  can  be  seen 
to  possess  structure  at  a  later  period  of  its  existence.    As  instances  in 

*  Before  I  became  aware  that  the  oontataiiiatiDg  partklee  of  water  'are  ultea^mioro- 
soopioal  I  myself  was  engn^ed  earnestly  in  htm  ting  for  germs  bol^  in  wa4er  and  air. 
The  search  has  been  continued  hy  others  up  to  a  much  later  period.  I'hose  who 
desire  information  on  the  organized  particles  of  the  atmosphere  will  find  the  subject 
exhaustiyely  treated  by  Dr.  Douglas  Cunningham  in  a  Eeport  entitled  "  Microscopical 
Examinations  of  Air,"  lately  issued  by  H.M.  Indian  Govermnent. 
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which  the  existence  of  structure  is  inferred  the  following  may  be 
mentioned : — The  protoplasm  of  a  Bhizopod  is  admitted  to  haye  structure 
because,  although  none  can  be  seen  in  the  protoplasm  itself,  i^e  complicated 
form  of  the  calcareous  shell  which  the  protoplasm  makes  or  models  can  be 
seen.  By  analogy,  therefore,  other  organisms  which  are  allied  to  the  Bhizo- 
pod are  inferred  to  have  structure ;  and  from  these,  or  from  similar  cases, 
the  inference  is  extended  to  all  kinds  of  cells,  with  respect  to  which  it  is 
taught  by  physiologists  that  although,  in  certain  cases,  no  parts  can  be  dis- 
tinguished, the  living  material  of  whidi  they  consist  is  nevertheless  endowed 
with  structure  or  organization.  Similarly  we  assume  that  a  Bacterium  pos- 
sesses a  more  complicated  structure  than  we  can  actually  observe,  because 
in  other  organisms  which  are  allied  to  it  by  form  and  life  history  such 
complications  can  be  seen.  Again,  in  all  embryonal  organs  we  admit 
the  existence  of  structure  before  it  can  be  seen,  because  in  the  course  of 
development  we  observe  its  gradual  emergence.  So  far  inference  of  tiie 
existence  of  structure  from  historical  evidence  is  justifiable ;  but  if  we 
were  to  carry  tiiis  inference  back  to  the  ovum  itself,  and  say  that  the 
diaracteristic  structures  of  nerve,  of  muscle,  or  of  gland  exist  in  the 
ovum  at  the  moment  after  impregnation,  every  physiologist  would  feel 
the  assertion  to  be  absurd. 

In  the  familiar  comparison  of  the  origin  of  the  elephant  with  that  of  the 
mouse,  in  which  the  perfect  anatomical  similarity  of  the  ova  in  the  two 
species  is  contrasted  with  the  enormous  difference  of  the  result,  we  should 
be  justified  in  sajring  that  the  difference  of  development  is  the  expression 
of  structural  difference  between  the  primoniium  of  the  one  and  t^e  primor- 
dium  of  the  other ;  but  inasmuch  as  it  is  not  possible  to  indicate  any 
anatomical  distinction,  it  is  understood  that  structural  difference  of 
another  kind  is  meant,  namely,  difference  of  molecular  constitution.  In 
other  words,  we  assume  that  the  potential  difference  between  the  one 
and  the  other  is  dependent  on  an  actual  difference  of  molecular  structure. 
Whether  this  is  accompanied  with  an  anatomical  difference,  such  as  we 
might  expect  to  be  able  to  see  if  we  had  more  perfect  instruments,  we 
do  not  know. 

From  the  moment  that  it  is  understood  thoft  the  word  structure  means 
anatomical  structure,  the  argument  used  by  Dr.  Tjmdall  loses  its 
relevance.  After  referring  to  the  "  germ-limit,''  he  siays,  **  Some  of  those 
particles "  (by  which,  I  presume,  is  meant  atmospheric  particles)  "  de- 
velop into  globular  J5ac«ma,  some  into  rod-shaped  Bacteria,  some  into 
long  flexile  filaments,  some  into  impetuously  moving  organisms,  and  some 
into  organisms  without  motion.  One  particle  will  emerge  as  a  Bacillus 
ctnthraciSf  which  produces  deadly  splenic  fever;  another  will  develop 
into  a  Bacterium  the  spores  of  which  are  not  to  be  microscopically  dis- 
tinguished from  those  of  the  former  organism;  and  yet  these  undis- 
tinguishable  spores  are  absolutely  powerless  to  produce  the  disorder 
which  Bacillus  anikracis  never  fails  to  produce.    It  is  not  to  be  imagined 
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that  particles  which,  on  development,  emerge  in  organisms  so  different 
from  each  other,  possess  no  structural  differences.  But  if  they  possess 
structural  differences  they  must  possess  the  thing  differentiated,  viz. 
structure  itself."  Throughout  this  passage  it  is  evident  that  it  is  not 
anatomical  but  molecular  structure  that  is  referred  to. 

In  the  other  passages  which  relate  to  the  same  subject,  I  venture  to 
think  that  Dr.  Tyndall  has  overlooked  the  distinction  made  by  me 
between  anatomical  organization  and  molecular  structure.  When,  for 
example,  he  speaks  of  ^'  germ  structure  "  in  the  passage  quoted  from  his 
Liverpool  Address,  he  evidently  refers  to  molecular  structure  exclusively ; 
for  he  gives  ice  as  his  first  example,  and  argues  that  as  ice  possesses 
structure  so  do  atmospheric  germs — a  proposition  which  I  should  not 
have  thought  of  questioning. 

The  experimental  evidence  which  we  have  before  us  goes  to  prove  that 
in  all  the  known  cases  in  which  Bacteria  appear  to  originate  de  novo 
(that  is  to  say,  in  liquids  which  are  at  the  moment  of  their  origin  abso- 
lutely free  from  living  Bacteria),  they  really  originate  from  "particles 
great  or  small,"  which  particles  are  therefore  germs  in  the  sense  in  which 
that  word  is  used  by  Prof.  Tyndall.  To  illustrate  the  views  I  myself 
entertain,  and  always  have  entertained,  on  this  question,  I  need  only  refer 
to  my  paper  on  the  origin  of  Bacteria,  published  in  1871.  The  experi- 
ments made  by  me  at  that  time  brought  to  light  the  then  new  &ict,  now 
become  old  by  familiarity,  that  all  exposed  aqueous  liquids,  even  when  abso- 
lutely free  from  visible  particles,  and  all  moist  surfaces,  are  contaminated 
and  exhibit  a  power  of  communicating  their  contamination  to  other  liquids. 
As  regards  water  and  aqueous  liquids  in  general,  I  insisted  on  the  *'  par- 
ticulate "  nature  of  the  contaminating  agent,  and  coined  for  the  purpose 
the  adjective  I  have  just  employed  (which  has  been  since  adopted  by 
other  writers),  at  the  same  time  pointing  out  that  the  particles  in 
question  were  ultra-microscopical,  and  consequently  that  their  existence 
was  matter  of  inference  as  distinguished  from  direct  observation.  Dr. 
Tyndall  has  demonstrated,  by  the  experiments  to  which  I  have  already 
alluded,  that  the  ordinary  air  also  contains  germinal  particles  of  ultra- 
microscopical  minuteness.  Of  the  completeness  and  conclusiveness  of  those 
experiments  I  have  only  to  express  the  admiration  which  I,  in  common 
with  all  others  whose  studies  have  brought  them  into  relation  with  the 
subject,  entertain.  That  such  particles  exist  there  can  be  no  question  ; 
but  of  their  size,  structural  attributes,  or  mode  of  development .  we 
know  nothing. 

Prof.  Tyndall,  I  am  sure  by  inadvertence,  has  accused  me  of  assuming 
that  there  is  some  relation  between  the  limit  of  microscopical  visibility 
and  what  he  calls  the  molecular  limit,  by  which  I  presume  to  be  meant 
the  size  of  the  largest  molecule.  Nothing  that  I  have  said  or  written 
could  justify  such  a  supposition.  My  contention  is  not  that  the  particles 
in  question  are  of  any  size  which  can  be  specified,  but,  on  the  contrary. 
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that  we  are  not  in  a  position  to  form  any  conclusion  as  to  their  size, 
excepting  that  they  are  so  small  as  to  be  beyond  the  reach  of  observation. 
Dr.  Tyndall  has  taaght  us^  first,  that  the  optical  effects  observed  when  a 
beam  of  light  passes  through  a  particulate  atmosphere  are  such  as  could 
only  be  produced  by  light-scattering  particles  of  extreme  minuteness ; 
and,  secondly,  that  by  subsidence  these  particles  disappear,  and  that  the 
contaminating  property  of  the  atmosphere  disappears  with  them.  He 
has  thus  approximately  determined  for  us  the  upper  limit  of  magnitude, 
but  leaves  us  uncertain  as  to  the  lower ;  for  we  have  no  evidence  that 
the  particles  which  render  the  atmosphere  opalescent  to  the  beam  of  the 
electric  lamp  may  not  be  many  times  larger  than  those  which  render  it 
germinative.  Consequently  the  fact  that  the  air  may  be  rendered  sterile 
by  subsidence,  while  affording  the  most  conclusive  proof  that  germinal 
matter  is  not  gaseous,  leaves  us  without  information  as  to  the  size  of  the 
particles  of  which  it  consists. 

Of  each  germinal  particle,  whether  inhabiting  an  aqueous  liquid  or 
suspended  in  the  atmosphere,  it  can  be  asserted  that  under  conditions 
which  occur  so  frequently  that  they  may  be  spoken  of  as  general  (viz. 
moistiire,  a  suitable  temperature,  and  the  presence  of  dead  proteid  matter, 
otherwise  called  organic  impurity)  it  produces  an  organism.  If,  for  the 
sake  of  clearness,  we  call  the  particle  a  and  the  organism  to  which  it 
gives  rise  A,  then  what  is  known  about  the  matter  amounts  to  no  more 
than  this,  that  the  exbtence  of  A  was  preceded  by  the  existence  of  a. 
With  respect  to  A,  we  know,  by  direct  observation,  that  it  is  an  organic 
structure ;  but  inasmuch  as  we  know  absolutely  nothing  as  to  the  size 
and  form  of  a,  we  cannot  even  state  that  it  is  transformed  into  A,  much 
less  can  we  say  any  thing  as  to  the  process  of  transformation. 

Considering  that  it  is  admitted  on  all  hands  that  there  exist  in 
ordinary  air  particles  which  are  potentially  germs,  it  might  at  first  sight 
appear  needless  to  inquire  whether  or  not  this  fact  is  to  be  regarded  as 
carrying  with  it  the  admission  that  they  must  necessarily  possess  the 
other  attributes  of  organized  structure.  Very  little  consideration, 
however,  is  requisite  in  order  to  become  convinced  that  tj;ds  question 
stands  in  relation  with  another  of  fundamental  importance  in  biology — 
that,  namely,  of  the  molecular  structure  of  living  material*.  It  is 
not  necessary  for  my  present  purpose  to  do  more  than  to  indicate  the 
nature  of  this  relation.  As  regards  every  form  of  living  matter,  it  may  be 
stated  that  quite  irrespectively  of  its  morphological  characteristics,  which, 
as  we  have  seen,  must  be  learnt  by  the  application  of  the  various  methods  of 
visual  observation  at  our  disposal,  it  possesses  molecular  structure  peculiar 
to  itself.  We  are  certain  of  this  because  the  chemical  processes  of  which 
life  is  made  up  are  peculiar,  that  is,  such  as  occur  only  in  connexion  with 

*  The  reader  who  is  interested  in  this  subject  will  find  it  discussed  with  great  in- 
genuity by  Prof.  Pfliiger,  in  his  paper  *'  Ueber  die  physiologisohe  Yerbrennung  in  den 
lebendigen  Organismen,"  Pfliiger's  Archiy,  vol.  z.  p.  300. 
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living  material.  Even  the  simplest  instance  that  we  can  mention,  that  of 
the  elevation  of  dead  albumen  into  living  (a  process  which  in  the  case 
now  before  ns  must  represent  the  very  earliest  step  in  the  climax  of 
development),  is  at  the  present  moment  beyond  the  reach  of  investigaticm; 
for  as  jet  we  are  only  beginning  to  know  something  about  the  constitu- 
tion of  non-living  proteids.  But  this  Avant  of  knowledge  of  the  nature 
of  the  difference  between  living  and  non-living  material  in  no  wise  im- 
pairs the  conviction  which  exists  in  our  minds  that  the  difference  is  one 
of  molecular  structure. 

The  sum  of  the  preceding  paragraphs  may  be  stated  in  few  words. 
Wherever  those  chemical  processes  go  on  which  we  collectively  desig- 
nate as  life,  we  are  in  the  habit  of  assuming  the  existence  of  ana- 
tomical structure.  The  two  things,  however,  although  concomitant, 
are  not  the  same;  for  while  anatomical  structure  cannot  come  into 
existence  without  the  simultaneous  or  antecedent  existence  of  the  kind 
of  molecular  structure  which  is  peculiar  to  living  material,  the  proof  is 
at  present  wanting  that  the  vital  molecular  structure  may  not  precede 
the  anatomical.  At  the  same  time  it  must  be  carefully  borne  in  mind 
that  there  is  no  evidence  of  the  contrary.  It  is  sufficient  for  my  pur- 
pose to  have  shown  that  the  existence  of  organized  particles  endowed 
with  anatomical  structure  in  the  *'  atmospheric  dust "  has  not  been  proved. 
I  do  not  dispute  its  probability. 

Before  leaving  this  subject  I  may  be  permitted  to  add  a  word  as  to  the 
bearing  of  this  discussion  on  a  question  which,  to  myself,  is  of  special 
interest — that  of  contagium  vivum.  According  to  the  view  which  these 
M'ords  are  understood  to  express,  the  morbific  material  by  which  a  con- 
tagious disease  is  communicated  from  a  diseased  to  a  healthy  person 
consists  of  minute  organisms  called  "  Disease-Germs."  In  order  that 
any  particle  may  be  rightly  termed  a  Disease-Gkrm  two  things  must  be 
proved  concerning  it,  viz. ; — first,  that  it  is  a  living  organism ;  secondly, 
tliat  if  it  finds  its  way  into  the  body  of  a  healthy  human  being,  or  of  an 
animal,  it  will  produce  the  disease  of  which  it  is  the  germ.  Now  there  is 
only  one  disease  affecting  the  higher  animals  in  respect  of  which  any 
thing  of  this  kind  has  been  proved,  and  that  is  splenic  fever  of  cattle. 
In  other  words,  there  is  but  one  case  in  which  the  existence  of  a  disease- 
germ  has  been  established. 

Comparing  such  a  germ  with  the  germinal  particles  we  have  been  dis- 
cussing, we  see  that  there  is  but  little  analogy  between  them  :  for,  first,  the 
latter  are  not  known  to  be  organized ;  secondly,  they  have  no  power  of 
producing  disease ;  for  it  has  been  found  by  experiment  that  ordinary 
Bacteria  may  be  introduced  into  the  circulating  blood  of  healthy  animals  in 
considerable  quantities  without  producing  any  disturbance  of  health.  So 
long  as  we  ourselves  are  healthy,  we  have  no  reason  to  apprehend  any 
danger  from  the  morbific  action  of  atmospheric  dust,  except  in  so  &r  as 
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it  can  be  sbown  to  hsre  deriyed  infeetivenesg  from  some  particular  source 
oi  miasma  or  comtagium. 

I  now  proceed  to  the  second  part  of  my  communication,  which  relates 
to  Prof.  TyndalFs  serioas^  but  most  courteously  expressed,  criticisms  of 
my  experiments  on  spontaneous  generation*. 

The  fact  that  Dr.  Tyndi^l  blames  me  for  incautiously  vouching  for  is, 
"  that  in  boiled  and  hermetically  sealed  flasks  Bacteria  sometimes  appear 
in  swarms.''  Prom  multiplied  experiments  he  concludes  that  this 
is  not  true,  and  infers  that  I  who  vouched  for  it  was  incautious. 
The  paper  referred  to  was  one  in  which  I,  as  a  bystander,  gave  an  ac- 
count of  certain  experiments  which  Dr.  Bastian  performed  in  my  pre- 
sence. So  far  as  relates  to  the  fact  above  quoted,  these  experiments 
were,  to  my  mind,  absolutely  conclusive ;  but  inasmuch  as  I  was  unable 
to  admit  with  Dr.  Bastian  that  they  afforded  any  proof  of  spontaneous 
generation,  I  followed  them  as  soon  as  practicable  by  a  series  of  experi- 
ments t  (the  only  ones  which  I  myself  ever  made  on  this  subject),  in 
which  I  tested  the  influence  of  two  new  conditions,  vis.  of  prolonged  ex- 
posure to  the  temperature  of  ebullition,  and  of  exposure  for  short  periods 
to  temperatures  above  that  of  ebullition  at  ordinary  pressure.  The 
experiments  accordingly  consisted  of  two  series,  in  the  flrst  of  which  a 
number  of  letorts  or  flasks  charged  with  the  turnip-cheese  liquid  (t.  e, 
with  neutralized  infusion  of  turnip  of  the  specific  gravity  1017,  to  which 
a  pinch  of  pounded  cheese  had  been  added),  and  sealed  hermetically  while 
bdling,  were,  after  they  had  been  so  prepared,  subjected  to  the  tempe- 
rature of  ebullition  for  longer  or  shorter  periods.  In  the  second  series 
the  period  of  ebulUtion  was  the  same  in  all  cases,  but  the  temperature 
was  varied  by  varying  the  pressure  at  which  ebullition  took  place* 

The  conclusion  arrived  at,  as  expressed  in  the  final  paragraph  of  the 
paper,  was,  that  in  the  case  of  the  turnip-cheese  liquid  the  prone- 

*  The  tet)reswoiis  tefBtteA  to  are  the  follofwing :— **  I  hare  worked  with  infutions  of 
{Mredsely  the  same  spedfitf  gratity  as  those  employed  by  Dr.  Bastian.  This  I  was 
specially  (JftrefUl  to  do  in  illation  to  the  experimente  deeoiribed  and  Touched  for,  I 
fear  incautiously,  by  Dr.  Burdon  Sanderson  in  vol.  vii.  p*  180  of  *  Nature.'  It  will 
thei>e  be  seen  that  though  failure  attended  some  of  his  efforts,  Dr.  Bastian  did  satisfy 
Dr.  Sanderson  that  in  boiled  and  hernieyeally  sealed  flasks  Baeteria  sometimes  appear 
in  swarms.  With  purely  liquid  infusions  I  hare  yainly  sought  to  reproduce  the 
etidence  which  continCed  Dr.  Sanderson  .  .  •  I  am  thefefoife  compelled  to  conclude 
that  Dr.  Sandersoil  has  lent  the  fiiuthority  of  his  name  to  results  whose  antecedents  he 
had  not  sufficiently  examined"  (Phil.  TranSi  toL  die?!  p.  57).  tn  the  abstract  of  a 
lecture  delivered  at  the  Bojral  Institution,  Janaary  2lBt,  1876,  similar  woHs  occur,  as 
bIk>  in  A  letter  to  '  Nature'  dated  February  27th,  1876,  in  which  Dr.  Tyndall,  after 
i^emarking  that  the  experiments  of  Dr.  Bastiftn,  witnessed  by  me,  were  too  scanty  and 
too  little  in  harmony  with  each  othet  to  bear  an  inference,  suggests  that  I  should 
repeat  them. 

t  *  Nature,*  vol.  viii.  p.  141. 
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ness  of  the  liquid  to  produce  Bacteria  can  be  diminished  either  by  in- 
creasing the  temperature  employed  to  sterilize  it,  or,  if  the  ordinary 
temperature  of  ebullition  be  used,  by  prolonging  its  duration. 

I  did  not  think  it  necessary  since  1873  to  occupy  myself  further  with 
the  subject  for  two  reasons  : — ^first,  that  I  had  accomplished  my  object, 
which  was  to  show  that,  as  a  ground  for  believing  in  spontaneous  genera- 
tion, the  turnip-cheese  experiment  was  a  ^ure;  but  secondly,  and 
principally,  because  in  the  mean  time  the  subject  had  been  taken  up  by 
the  most  competent  living  observers,  who  had  in  every  particuLur  con- 
firmed the  accuracy  of  my  results.  I  conclude  this  paper  by  referring 
shortly  to  some  of  these  researches. 

The  first  was  made  by  P.  Samuelson  under  the  direction  of  Prof. 
Pfliiger*  in  1873.  Its  purpose  was  to  ascertain  whether  it  is  true  that 
certain  liquids  can  be  boiled  for  ten  minutes  without  being  sterilized, 
and,  secondly,  to  determine  the  influence  of  prolonged  periods  of  ex- 
posure. The  flasks  employed  were  charged  with  the  neutral  turnip- 
cheese  liquid,  and  sealed  while  boiling  in  the  way  already  described. 
Some  were  subjected  to  the  temperature  of  ebullition  for  ten  minutes, 
the  rest  for  an  hour,  the  result  being  that  whereas  those  heated  for  the 
longer  periods  remained  without  exception  barren,  an  exposure  of  only 
ten  minutes  was  followed,  in  the  majority  of  cases,  by  an  abundant  de- 
velopment of  Bactet^f.  At  about  the  same  period  a  similar  series  of 
experiments  was  made  under  the  direction  of  Prof.  Hoppe-Seyler  at 
Strasburg.    The  results  were  essentially  the  samej:. 

During  the  next  year  the  second  question  which  I  had  attempted  to 
solve,  viz.  the  influence  of  temperatures  above  100^  C,  was  taken  up  with 
much  greater  completeness  by  Prof.  Gscheidlen,  of  Bre8lau§.  After  a 
resume  of  the  proofs  already  given  by  his  predecessors,  that  certain  fluids 
are  not  sterilized  by  boiling,  and,  secondly,  that  as  means  of  sterilizing 

*  **  Ueber  Abiogenesis,  yon  Faiil  SamuelBon  aus  Konigsberg,"  Pfliiger'e  ArduT,  toL 
Till.  p.  277.  The  paper  is  designated  as  a  report  of  experiments  made  "  im  Aoftrag 
und  unter  der  Leitung  dee  Geh.-Batb  Professor  Pfltiger."  I  refer  in  the  text  only  to 
those  experiments  which  were  yirtually  repetitions  of  my  own.  The  research  actually 
extended  oyer  a  wider  field. 

t  "  Als  Besultat  dieser  Versuohsreihe,  ergab  dch  eine  massenhafte  Entwickelung  yon 
Baoterien  in  den  meisten  nur  10  Minuten  lang  gekochten  Fliissigkeitsmengen  naoh 
3-4  Tagen"  (loc,  cit,  p.  283). 

I  *'  Ueber  die  Abiogenesis  Huizinga's,  yon  Felix  Putseys,  aus  Lutdch  (aus  don 
chemisch-physiologisohen  Laboratorium  des  Herm  Prof.  Hoppe-Seyler),'*  Pfliiger's 
Arphiy,  yol.  ix.  p.  391.  In  a  note  appended  by  Prof.  Hoppe>Seyler  to  this  paper  he 
states  that  he  has  recommended  its  publication  notwithstanding  that  the  results  ob- 
tained were  mere  confirmations  of  those  of  former  obeeryers,  adding  **  fiir  den  wissen* 
B^haftlichen  Fortschritt  hat  nicht  die  Prioritat  des  einen  oder  des  anderea  Beo- 
bachters,  wohl  aber  die  Zahl,  Mannigfaltigkeit,  und  Zuyerlassigkeit  der  Beofaachtungen 
eine  hohe  WichU^keit." 

§  "  Ueber  die  Abiogenesis  Huizinga's,  yon  Richard  Gscheidlen/'  Pfliiger's  Arohiy,  yoL 
ix,  p.  163. 
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such  liquids  the  action  of  prolonged  exposure  and  that  of  increased 
temperature  may  be  regarded  as  complementary  to  each  other,  he  proceeds 
to  relate  his  own  researches,  the  purpose  of  which  was  rather  to  fill  up 
defects  in  the  evidence  than  to  establish  new  conclusions. 

GChe  flasks  employed  were  capable  of  containing  100  cub.  centims. 
(3|  oz.);  they  were  charged  in  the  usual  way  with  the  turnip-cheese 
liquid,  and  exposed  for  short  periods  in  chloride  of  calcium  baths, 
of  which  the  temperatures  were  carefully  adjusted  so  as  to  obtain  the 
requisite  temperatures.  It  was  thereby  definitely  proved  that  whereas 
the  germinal  matter  of  Bacteria  can  stand  a  temperature  of  100°  for  five 
or  ten  minutes  it  is  destroyed  by  temperatures  varying  from  106°  to 

iio°r 

In  an  appendix  to  my  first  paper,  published  in  '  Nature '  in  the  autumn 
of  1873, 1  showed  that  the  solutions  of  diffusible  proteids  and  carbo- 
hydrates employed  by  Prof.  Huizinga,  of  Groningen,  in  the  first  of 
the  valuable  series  of  experiments  t  published  by  him,  relating  to  the 
subject  of  spontaneous  generation,  require  a  temperature  above  that  of 
ebullition  under  ordinary  pressure  to  sterilize  them.  This  observation 
has  since  been  established  by  Prof.  Huizinga  himself  on  the  basis  of  very 
carefully  made  experiments  j:,  by  which  he  has  proved  at  the  same  time 

*  '^  Es  folgt  aus  den  eben  angegebenen  Yersuchen,  nach  memer  Meinung,  daas  in 
Huizinga's  Gemengen  die  Bacterien  einer  Temperatur  Yon  100^  5-10  Minuten  laug  zu 
widerstehen  vermogen,  nicht  aber  einer  Ton  105°-110°  in  eingesohmolzenem  Glaa- 
rohre  wahrend  der  namlichen  Zeit  **  {U)C,  cit.  p.  167).  Here  the  author  clearly  fails  to 
make  the  neoeesary  distinction  between  Bacteria  (which,  as  is  well  known,  lose  their 
Titality  at  a  much  lower  temperature)  and  the  material  out  of  which  they  spring. 
The  mixtures  referred  to  were  either  Che  cheese  and  turnip  liquid  or  solutions  con- 
taining peptones  and  grape-sugar,  to  be  immediately  referred  to.  As  affording  an  elegant 
demonstration  that  in  the  tumip-oheese  liquid  it  is  the  cheese  and  not  any  other  con- 
stituent which  contains  the  resistant  element,  the  following  form  of  experiment  is 
worthy  of  notice : — A  tube,  A,  drawn  out  and  dosed  at  both  ends,  is  fused  into  the  open 
mouth  of  a  second  tube,  B,  of  which  the  opposite  end  is  drawn  out  and  closed  in  a 
similar  manner.  In  this  way  a  compound  tube  is  formed  which  is  diTided  by  a  coni- 
cal septum  into  two  chambers,  A  and  B.  A  small  knob  of  glass  having  been  prcTiously 
introduced  into  the  chamber  B,  the  septmn  can  be  easily  broken  by  shaking  the  tube. 
With  tubes  so  prepared  two  experiments  are  made.  In  Experiment  1,  compartment 
A  is  charged  with  infusion  of  cheese,  sealed,  and  then  exposed  to  a  temperature  of 
1 10°  before  it  is  united  to  the  compartment  B.  In  like  manner  B  is  charged  with 
neutral  decoction  of  turnip,  so  that  when  the  compound  tube  is  complete  it  contains 
cheese  in  one  compartment,  turnip  in  the  other.  If,  after  boiling  for  ten  minutes,  it 
is  placed  in  the  warm  chamber  its  contents  remain  barren.  In  Experiment  ^  the 
experiment  is  varied  by  simply  omitting  the  preliminary  heating  of  A.  The  compound 
tube  is  boiled  as  before,  but  now  its  contents  promptly  give  evidence  that  the  condi- 
tions are  present  for  an  abundant  development  of  Bacteria. 

t  Prof.  Huizinga' s  papers  on  the  question  of  Abiogenesis  are  four  in  number.  The 
references  are  as  follows : — Pfluger's  Archiv,  vol.  vii.  p.  225 ;  voL  viii.  pp.  180,  551 ; 
vol.  X.  p.  62. 

\  The  solution  employed  in  these  experiments  was  neutral  and  contained,  in  addi- 
tion to  the  requisite  inorganic  salts,  2  per  cent  of  grape-sugar,  0'8  per  cent  of  soluble 

VOL.  XXVI.  2  H 


Digitized  by  VjOOQ IC 


426  Anniversary  Meeting.  [Not.  30, 

tbat  the  liquids  in  question  are  rendered  completely  inci^>able  of  pro- 
ducing Bacteria^  without  extrinsic  contamination,  by  exposing  them  to 
higher  temperature.  The  only  points  of  difference  between  us,  either  as 
regards  method  or  result,  are,  first,  that  the  sterilization  limit  ("  Grenze 
zur  Bacterienerzeugung")  fixed  by  me  was  too  low,  the  true  limit  being 
110°  C. ;  and,  secondly,  that  the  experiment  from  which  I  had  in&rred 
that  the  liquids  in  question  had  been  sterilized  at  lower  temperatures 
,  than  this  were,  in  Prof.  Huizinga's  opinion,  rendered  incondusive  by  the 
fact  that  my  fiasks  were  sealed  hermetically,  whereas  in  his  exchange  of 
air  was  allowed  to  take  place,  during  the  period  of  incubation,  through  a 
septum  of  porous  porcelain.  To  this  last  objection  I  might  perhaps 
have  thought  it  my  duty  to  answer,  had  it  not  been  shown  by  the  sub- 
sequent researches  of  Gscheidlen  to  have  no  bearing  on  the  question  at 
issue.  As  regards  the  limit  of  sterilization,  I  can  entertain  no  doubt  as 
to  the  accuracy  of  Huizinga's  measurements,  and  am  quite  willing  to 
accept  108°  C.  as  the  lowest  temperature  which  could  be  safely  em^oyed 
under  the  conditions  laid  down  by  him. 

It  will  be  understood  that  in  bringing  these  facts  before  the  Soci^ 
my  only  purpose  is  to  show,  as  I  trust  I  have  done  conclusively,  that  the 
statements  which  Dr.  Tyndall  in  1876  characterized  as  incautious,  and 
which  he  virtuaUy  invited  me  to  retract,  had  been  two  years  before 
confirmed  in  every  particular  by  experimenters  of  admowledged  com- 
petence. 


November  30, 1877. 

ANNIVEESABY  MEETING. 

Sir  JOSEPH  HOOKER,  C.B.,  K.C.S.I.,  President,  in  the  Chair. 

Mr.  Abel,  for  the  Auditors  of  the  Treasurer's  Accounts  on  the  part  of 
the  Society,  reported  that  the  total  receipts  during  the  past  year,  includ- 
ing a  balance  of  £150  18«.  lie?,  carried  from  the  preceding  year,  amount 
to  £7056  14«.  4d. ;  and  that  the  total  expenditure  in  the  same  period 
amounts  to  £6123  3$.  3c?.,  leaving  a  balance  at  the  Bankers'  of  £923  4s., 
and  £10  7«.  1^.  in  the  hands  of  the  Treasurer. 

The  thanks  of  the  Society  were  voted  to  the  Treasurer  and  Au- 
ditors. 


starch,  0'3  per  cent  of  peptones,  and  1  per  cent,  of  amnionic  tartrate.  As  in  mj  ex- 
periments, the  flasks  were  heated  in  a  Papin's  pot,  of  which  the  temperature  waa  102^  0. 
Even  after  half  an  hour's  exposure  to  this  temperature  all  the  flasks  became  in  two  or 
three  days  "  stark  triibe  und  toU  Baoterien  "  (third  paper,  p.  555,  January,  1874). 
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The  Secretary  read  the  following  listfl  : — 

Fellows  deceased  since  the  last  Anniversary. 
On  the  Home  List, 
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Thomas  Snow  Beck,  M.D. 
James  Scott  Bowerhank,  LL.D. 
John  Batter,  M  J). 
Ardaseep  Cursetjee. 
Major-General  Frederick  Marow 

Eardley-Wilmot,  E.A. 
Sip  William  Fergusson,  Bart. 
David  Forbes,  Sec.G.S. 
Robert  Were  Fox. 
John  Peter  Gbssiot,  D.C.L. 
Eight  Hon.  Robert  C.  Nisbet 

Hamilton. 
John  Heywood  Hawkins,  M.A. 


William  Henry  Hyett. 

Major^Gkn.  Sir  Henry  James»  R.E. 

Julius  Jeffreys. 

Robert  Lee,  M.D. 

Henry  Minchin  Noad,  Ph.D. 

John  Russell  Reeves,  F.L.S. 

Alfred  Smee,  F.R.C.S. 

Robert  Swinhoe,  F.Z.S. 

William  Henry  Fox  Talbot,  LL.D. 

Charles  Townley,  F.S.A.  (Nov.  4, 

1876). 
Samuel  Warren,  D.C.L. 
Charles  Woodward. 


On  the  Foreign  List. 

Karl  Ernst  von  Baer.  |  Georg  Adolph  Erman. 

TJrbain  Jean  Joseph  Le  Verrier. 

Fellows  elected  since  the  last  Anniversary. 


John  Duke,  Lord  Coleridge,  M.A. 
Prof.  James  Dewar,  M.A. 
Sir  Joseph  Fayrer,  M.D.,  K.C.S.I. 
Rev.    Norman    Macleod    Ferrers, 

M.A. 
Thomas  Richard  Eraser,  M.D. 
Right  Hon.  Sir  Henry  Bartle 

Edward  Frere,  K.C.B. 
Brian  Haughton  Hodgson,  F.L.S. 
John  W.  Judd,  F.G.S. 


William    Carmichael    M'Intosh, 

M.D. 
Robert  M*Lachlan,  F.L.S. 
Prof.  John  William  MaUet,  Hi.D. 
Henry  B.  Medlicott,  M.A. 
Henry  Nottidge  Moseley,  M.A. 
Prof.  Osborne  Rejrnolds,  M.A. 
William  Roberts,  M.D. 
Prof.  James  Thomson,  LL.D. 
Prof.  William  Turner,  M.B. 


The  President  then  addressed  the  Society  as  follows : — 

GENTLEMZir, 

FoLLOwn^G  precedent,  I  have  at  the  commencement  of  my  Annual 
Address  to  record  the  losses  by  death  of  eminent  Fellows  of  this  Society 
which  have  taken  place  since  the  last  Anniversary.  Though,  happily,  these 
losses  are  not  so  numerous  as  they  have  been  in  late  years,  the  number 
amounts  to  twenty-three,  and  the  list  includes  the  names  of  men  of  great 
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distinction  in  scienoe,  and  among  them  of  one  to  whom  the  Society  is  under 
lasting  obligations  for  his  active  interest  in  its  welfare  during  upwards  of  a 
quarter  of  a  century.  Need  I  name  Mr.  Gassiot,  the  founder  of  the  Scien- 
tific Eelief  Fund,  the  munificent  subsidizer  of  the  Kew  Observatory,  and 
the  ever-ready  and  liberal  promoter  of  scientific  investigation — Mr.  Fox 
Talbot,  the  discoverer  of  photogenic  drawing  (the  Talbotype  process), 
proved  to  be  the  fruitful  parent  of  photography — Sir  Henry  James,  under 
whose  administration  the  operations  of  the  Ordnance  Survey  of  Q-reat 
Britain  were  greatly  extended,  and  its  resources  utilized  in  various  ways, 
especially  through  the  application  of  scientific  processes  all  tending  to  the 
advancement  or  diffusion  of  knowledge — Mr.  Eobert  Were  Fox,  eminent 
for  his  researches  on  the  temperature  and  the  magnetic  and  electrical  con- 
dition of  the  interior  of  the  earth,  especially  in  connexion  with  the  for- 
mation of  metallic  veins,  and  who  was,  further,  the  inventor  of  some  and 
improver  of  other  instruments  now  everywhere  employed  in  ascertaining 
the  properties  of  terrestrial  magnetism  ?  In  Sir  William  Fergusson  we 
have  lost  a  surgeon  of  rare  ability  and  manual  dexterity  and  an  operator 
of  great  repute ;  in  Mr.  David  Forbes  an  accomplished  traveller,  chemist, 
and  mineralogist ;  and  in  Dr.  Bowerbank  a  naturalist  of  the  old  school, 
whose  enthusiasm  and  genial  encouragement  kindled  into  a  flame  the 
scientific  spark  that  lurked  in  the  breast  of  many  an  amateur.  There 
have  further  been  removed  by  death  from  the  list  of  Foreign  Fellows  two 
recipients  of  the  Copley  Medal,  the  venerable  Von  Baer  and  the  compa- 
ratively young  Le  Verrier,  together  with  a  traveller  and  physicist  of  rare 
attainments,  Erman,  the  narrative  of  whose  travels  is  one  of  the  richest 
storehouses  of  scientific  information  that  has  hitherto  been  given  to  the 
world  in  the  narrative  form. 

Finance, — ^As  heretofore,  I  must  refer  to  our  Treasurer's  Eeport  for 
evidence  of  the  satisfactory  condition  of  the  Society's  finances.  Not  but 
that  this  is  a  matter  that  requires  constant  vigilance,  as  the  demands  upon 
our  pecuniary  resources  annually  enlarge,  owing  mainly  to  the  rapid 
increment  of  matter  brought  before  us  and  found  worthy  of  publication  in 
our  Transactions  and  Proceedings,  and,  above  all,  to  the  number  of  expensive 
illustrations  which  accompany  many  of  them.  This,  and  the  prospect  of 
the  results  of  the  Government  Fund  for  the  encouragement  of  research 
being  laid  before  the  Society  for  publication,  appeared  to  me  to  render  it 
desirable  that  a  Committee  should  be  appointed  to  inquire  into  and  report 
upon  the  receipts  and  expenditure  of  the  Society,  and  that  the  subject  of 
the  outlay  on  printing  and  paper  should  be  referred  to  the  Library  Com- 
mittee for  report,  together  with  that  of  the  compilation  of  the  Catalogue 
of  Scientific  Papers,  the  labour  and  expense  of  which  were  likely  to  in- 
crease with  that  enormous  development  of  scientific  literature  which  cha- 
racterizes this  century. 

On  the  recommendation  of  that  Committee,  our  printing  has  been 
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transferred  to  a  well-qualified  firm  of  printers,  on  such  conditions  as 
will  enable  us,  we  hope,  to  effect  an  important  saying  in  our  annual 
charge  for  printing.  It  is  thought,  moreover,  that  the  compilation  of  the 
Catalogue  of  Scientific  Papers,  which,  though  no  part  of  our  ordinary 
work,  had  been  voluntarily  undertaken  and  paid  for  by  the  Society,  and 
diligently  conducted  under  the  supervision  of  your  officers,  should  not 
be  allowed  to  press  unduly  upon  our  resources,  and  that  the  time  had 
come  when  application  should  be  made  to  the  G-ovemment  Fund  for  aid 
to  enable  us  to  meet  the  increasing  demands  on  our  income  for  the  work 
of  the  Catalogue. 

And  further,  as  bearing  on  the  question  of  finance,  your  Council  have 
resolved  that  the  difference  between  the  amount  of  Life  composition 
payable  by  newly-elected  Fellows  who  have  and  those  who  have  not  pre- 
viously to  election  contributed  a  paper  to  the  Transactions  should  cease, 
and  that  a  part  of  the  funded  property  of  the  Society  should  be  invested 
in  secure  Stocks  yielding  a  larger  interest  than  the  Government  funds. 

Presents. — It  is  always  with  peculiar  pleasure  that  I  announce  the 
presentation  of  good  portraits  of  scientific  worthies.  Two  in  oils, 
received  during  the  vacation,  are  now  hung  on  our  walls :  one  of  Sir 
John  Herschel,  a  very  faithful  likeness,  presented  by  our  Fellow,  Mr. 
John  Evans ;  the  other,  presented  by  our  late  Secretary,  Dr.  Sharpey, 
is  that  of  Haller,  the  physiologist,  anatomist,  botanist,  and  poet,  whose 
genius  and  labours  were  the  admiration  of  his  contemporaries,  as  they 
have  been  ever  since  of  his  successors.  It  is  not  without  pride  that  our 
countrymen  can  record  the  facts  that  an  English  sovereign,  George  11., 
was  the  first  who  recognized  the  merit  of  Haller,  the  Swiss,  by  bestowing 
on  him  his  earliest  preferment,  a  professorship  in  Gottingen,  and  ever 
after  showing  him  every  mark  of  respect,  and  that,  on  a  subsequent  occa- 
sion, an  English  University,  Oxford,  offered  him  a  professorship.  The 
portrait  is  an  excellent  one,  in  perfect  preservation,  and  forms  a  most 
valuable  addition  to  our  gallery. 

I  have  also  to  inform  you  that  a  sum  of  ;€500  has  been  contributed 
anonymously  by  five  Fellows  to  the  Society's  funds  for  general  purposes, 
and  that  our  Foreign  Secretary  has  proposed  that  his  office  should,  as  long 
as  he  holds  it,  be  regarded  as  an  honorary  one,  with  charge  of  the  Society's 
foreign  correspondence.  This  very  liberal  proposal  was  accepted  by  the 
Council,  only  in  so  far  as  resolving  that  the  Foreign  Secretaryship  should 
be  placed  on  the  same  footing  in  respect  of  salary  as  it  was  before  the 
year  1865 ;  that  is  to  say,  that  the  honorarium  should  be  limited,  as  in 
former  years,  to  the  proceeds  of  the  original  endowment. 

Our  Fellow,  Dr.  William  Farr,  has  presented  to  the  Society  an 
annotated  copy  of  Thomson's  '  History  of  the  Eoyal  Society,'  containing 
the  dates  of  death  of  Fellows  who  died  subsequently  to  the  publication  of 
that  work,  as  far  as  these  could  be  obtained  from  the  Society's  Minutes 
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and  from  printed  books,  together  with  a  complete  chronological  list  of  all 
the  Fellows  admitted  since  1812  down  to  1876.  These,  with  other  docu- 
ments which  he  has  added,  enable  Fellows  to  ascertain  the  names,  and 
dates  of  birth  and  death,  of  every  person  admitted  into  the  Society  since  its 
origin,  and  hence,  to  a  great  extent,  supplies  valuable  data  for  determin- 
ing the  vitality  of  scientific  men  at  different  periods.  In  his  letter 
accompanying  these  very  valuable  documents  Dr.  Fair  observes  that  the 
records  of  the  Royal  Society  were  allowed  for  years  to  remain  defective 
as  to  particulars  which  were  formerly  accurately  recorded,  and  that 
Halley  and  others  seemed  to  have  been  alive  to  the  importance  of  such 
facts  relating  to  the  scientific  men  of  their  age.  In  future,  the  date  and 
place  of  birth  of  Fellows  will  be  registered  regularly  and  accurately,  in 
accordance  with  Dr.  Farr's  excellent  suggestion,  for  which,  as  for  the 
documents,  a  unanimous  vote  of  thanks  was  returned  by  your  President 
and  Council. 

The  Catalogue  of  Scientifie  Papers. — In  my  last  year's  Address  I 
informed  you  that  the  Lords  of  the  Treasury  had  granted  the  funds  neces- 
sary for  printing  the  decade  1864-73  of  the  Catalogue  of  Scientific 
Papers ;  and  I  have  now  to  announce  that  the  first  (the  seventh  of  the 
series)  of  the  two  volumes  of  which  it  will  consist  is  published.  It 
contains  more  than  a  thousand  pages.  The  expediency  of  the  Society's  fur- 
ther undertaking  the  compilation  of  an  '*  Index  of  Subjects  "  having  been 
urged  upon  the  Library  Committee,  was  carefully  considered  by  them.  To 
this  end  the  members  were  supplied  with  printed  specimens  of  a  well- 
considered  plan  adapted  to  the  decade  1864-73,  with  the  request  that 
they  would  favour  the  Council  with  their  opinion  upon  it;  when  it 
appeared  that,  owing  to  the  number  of  subjects  often  comprised  in  one 
paper,  and  the  differences  of  opinion  as  to  which  of  these  were  worthy  of 
citation,  and  under  what  name,  the  task  would  be  one  of  prodigious 
labour  and  unsatisfactory  result,  and  far  beyond  the  Society's  means. 
The  printing  of  the  eighth  volume  is  steadily  progressing,  together  with 
the  compilation  of  the  decade  for  1874-83. 

The  Meteorological  Council. — The  Report  of  the  Treasury  Committee  of 
Inquiry  into  the  working  of  the  late  Meteorological  Office  was  published 
last  summer.  It  includes  that  of  the  Committee  of  this  Society  (none  of 
the  members  of  which  bad  served  on  the  Treasury  Committee) ;  and  the 
recommendations  of  the  two  bodies  are  almost  identical.  As  a  member 
of  the  former,  and  cognizant  of  the  views  of  the  Government  as  to  the 
future  of  the  Office,  I  may  state  that  those  views  were  from  the  first,  and 
throughout,  favourable  to  giving  a  more  scientific  character  to  the  work 
than  it  had  hitherto  possessed,  recognizing  the  principle,  that  its  aim 
and  endeavour  should  be  to  advance  meteorology  as  a  science,  while 
directing  and  controlling  all  such  practical  operations  as  were  required 
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for  the  public  service.  The  main  difference  between  the  recommen- 
dations of  the  Treasury  Committee  and  our  own  is  that  we  favoured 
the  retention  of  the  Office  under  a  department  of  the  Crown,  with 
a  Gbvemment  officer  as  Director,  in  preference  to  leaving  it  subject 
to  a  Committee  or  Council  of  Control.  The  Treasury  Committee, 
influenced  by  the  evidence  of  very  eminent  scientific  men  to  this  effect, 
that  meteorology  was  not  as  yet  in  a  scientific  condition,  and  that  to 
render  it  so  required  the  combined  labours  of  men  with  various  attain- 
ments, as  also  by  the  fact  that  there  was  no  department  of  Government 
capable  of  controlling  purely  scientific  investigations,  recommended  that, 
as  a  tentative  measure,  a  modified  Committee  of  Control  (to  be  called  a 
Council)  should  replace  the  old  Committee,  and  that  the  Eoyal  Society 
should  be  asked  to  nominate  the  members,  and,  after  a  period  of  five  years, 
to  review  their  labours. 

Other  recommendations,  in  which  both  Committees  concurred,  were, 
that  ocean  meteorology  should  be  transferred  to  the  Admiralty,  that  the 
maxims  which  determine  the  issue  of  storm- warnings  should  be  put  in  a 
clear  shape  and  issued  to  the  public,  that  the  number  and  position  of 
both  the  continuously-recording  and  the  eye-observing  stations  should  be 
revised,  that  the  latter  should  be  increased  so  as  to  satisfy  the  claims  of 
the  Eegistrars-General,  Medical  Council,  Agricultural  Societies,  and  other 
bodies,  and  that  a  fair  approximation  to  the  meteorological  condition  of 
the  whole  British  Isles  should  be  daily  obtained  and  published. 

Far  more  important  to  us,  however,  than  these  practical  measures,  is 
the  strong  expression  of  opinion  on  the  part  of  both  Committees  that 
scientific  hypothesis  and  discussion  should  be  pursued  as  a  duty  incumbent 
on  the  Office,  and  that,  to  this  end,  an  annual  grant  should  be  made  for 
the  purpose  of  remunerating  investigators,  selected  by  the  Council,  on  a 
scale  proportionate  to  the  work  performed. 

At  the  request  of  H.M.  Treasury,  and  in  communication  with  them, 
your  Council  drew  up  the  following  suggestions  for  the  administration  of 
the  Meteorological  Office,  which,  Imviug  been  approved,  are  now  put  in 
practice  : — ^That  the  Office  be  in  future  administered  by  a  paid  Council, 
consisting  of  a  Chairman  and  four  effective  members,  together  with,  as 
an  ex  officio  member,  the  Hydrographer  of  the  Navy,  whose  services  were 
rendered  necessary  by  the  Admiralty  having  declined  to  undertake  the 
ocean  meteorology  ;  that  £1000  should  be  granted  for  the  remuneration 
of  the  Members  of  Council,  who  should  be  persons  in  a  position  to 
devote  adequate  time  and  attention  to  the  duties  of  the  Office,  and 
to  the  inauguration  of  investigations  and  experiments  designed  to  place 
meteorology  on  a  scientific  basis,  to  advance  it,  and  to  promote  its  useful- 
ness to  the  community;  that  paid  inspectors  of  stations  should  be 
appointed  for  Scotland  and  Ireland,  and  £500  be  granted  for  this  pur- 
pose ;  that  a  sum  of  £1000  per  annum  be  granted  for  the  payment  of 
individuals,  to  be  selected  by  the  Council,  to  be  engaged  in  special  scien^ 
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tific  researches  ;  and  that  jC1500  be  granted  for  new  land-stations,  and 
£500  for  the  extension  of  telegraphy  to  Sundays.  The  result  of  these 
new  measures  will  be  to  raise  the  annual  grant  for  the  Meteorological  Office 
from  £10,000  to  £14,500. 

Tour  Council  having  further  been  requested  to  nominate  the  effective 
members  of  the  Meteorological  Council  for  the  approval  of  the  Lords  of 
the  Treasury,  proceeded  to  do  so  in  accordance  with  the  spirit  of  the 
resolutions  which  gave  scientific  research  so  prominent  a  position — ^keep- 
ing in  view,  at  the  same  time,  the  necessity  of  obtaining  the  services  of 
as  many  members  of  the  old  Committee  as  possible,  their  knowledge  of 
the  details  of  the  Office  being  at  first  indispensable,  and  their  efficiency 
already  proved.  The  result  has  been  the  appointment  of  Mr.  Henry 
Smith,  Savilian  Professor  of  Geometry  at  Oxford,  as  Chairman,  and  your 
Senior  Secretary,  Mr.  F.  Galton,  Mr.  De  La  Eue,  and  G^eneral  Strachey 
as  the  other  members.  The  services  of  Mr.  Scott,  who  has  so  long  and 
so  ably  directed  the  practical  operations  of  the  Office,  and  of  Mr. 
Toynbee,  whose  labours  in  ocean  meteorology  are  so  well  known  to  you, 
and  of  the  other  officers  being  all  retained,  nothing  would  seem  to  be 
wanting,  in  men  or  money,  to  develop  the  science  of  meteorol<^y,  and 
to  supply  the  public  with  data  for  all  the  useful  purposes  contemplated 
in  the  establishment  of  the  Meteorological  Office.  It  is  to  be  hoped  that 
the  tentative  measure  thus  inaugurated  \iill  lead,  in  five  years,  to  the  con- 
stitution of  a  national  Meteorological  Office  under  the  undivided  control 
of  a  man  of  high  scientific  attainments. 

Government  Fund  of  £4000  per  Annum  for  Five  Tears, — The  constitu- 
tion of  the  Committee  for  the  administration  of  this  fund,  under  the 
authority  of  the  Lord  President  of  the  Council,  has  been  provisionally 
settled,  and  as  much  of  the  first  year's  grant  as  was  available  for  the  last 
quarter  of  the  financial  year  March  31,  1876,  to  April  1,  1877,  was 
allotted  in  March  last. 

The  first  meeting  of  the  Committee  took  place  on  January  11th,  when 
it  was  resolved : — that  four  subcommittees  should  be  constituted — namely, 
(A)  Mathematics,  Physics,  and  Astronomy,  (B)  Biology,  (C)  Chemistry, 
(D)  General  Purposes ;  and  that  all  applications  for  grants  should  be 
addressed  to  the  Secretaries  of  the  Society,  and  referred  by  them  to 
one  of  the  first  three  subcommittees  for  examination  and  report  and 
recommendation ;  that  the  subcommittees'  reports  and  recommendations 
should  be  printed  and  circulated  among  the  members  of  the  General 
Committee  not  less  than  one  week  before  the  meeting  at  which  the 
grants  would  be  discussed ;  and  that  the  grants  applied  for  should  be 
limited  to  sums  required  for  a  period  not  exceeding  twelve  months. 
It  was  further  resolved  that  a  report  of  progress  should  be  required 
of  the  recipient  at  the  end  of  the  year  in  which  the  grant  was  made, 
and    that    instruments   of    permanent   value   purchased    out   of    the 
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Fund,  or  supplied  by  the  Government  on  the  recommendation  of  the 
Eoyal  Society,  should  be  regarded  as  the  property  of  the  Govern- 
ment. 

The  Committee  meetings  are  fixed  for  February  in  each  year ;  those  of 
the  subcommittees  will  take  place  whenever  summoned  by  the  Secretaries 
of  the  Society  ;  and  notice  has  been  given  that  applications  for  grants  are 
to  be  sent  to  the  Secretaries  of  the  Eoyal  Society  not  later  than  December 
31  st  in  any  year. 

At  the  meeting  of  the  General  Committee  in  March  last  the  subcom- 
mittees reported  that  102  applications  had  been  received,  and  that  the 
amount  applied  for  was  £14,459.  Of  the  102  applications  33  were 
approved,  and  sums  of  X300  and  under  (the  total  being  £2220  la.  6d,  for 
instruments,  assistance,  and  materials,  and  £1810  for  personal  remune- 
ration) were  granted. 

The  results  of  this  step  towards  the  endowment  of  research  will,  I  hope, 
be  narrowly  watched,  in  the  interests  both  of  science  and  of  this  Society, 
which,  in  undertaking  to  administer  for  the  Government  a  siun  so 
largely  devoted  to  personal  remuneration,  has  assumed  a  very  onerous 
responsibility,  and  largely  increased  the  burthen  of  your  Secretaries. 

Reports  of  Naturalists  sent  hy  the  Society  to  Rodriguez  and  Kerguelen 
Island. — These  are  being  printed  uniformly  with  our  Transactions,  under 
the  editorship  of  Dr.  Giinther  and  your  President.  They  will  consist  of 
a  series  of  papers,  illustrated  with  plates,  on  all  branches  of  the  natural 
history  of  the  islands,  contributed  by  the  naturalists  themselves  and 
various  coadjutors,  whose  services  are  gratuitous.  The  cost  of  printiug 
will  be  defrayed  by  the  liberality  of  your  Treasurer,  and  some  of  the 
plates  have  been  presented  by  the  contributors. 

T%e  Polar  Expedition. — The  scientific  results  of  the  Polar  Expedition, 
and  especially  the  biological,  appear  to  me  to  have,  in  most  departments, 
qiute  come  up  to  our  expectations  ;  and  considering  that  but  one  season 
was  available  for  collecting  and  observing  (and  we  all  know  how  short 
that  is  in  the  arctic  regions),  they  are  indeed  most  creditable  to  the  gen- 
tlemen who  contributed  them.  Geology  has  proved  by  far  the  most  pro- 
lific field  of  research.  Perhaps  Botany  comes  next,  and  this,  and  the  insects 
which  have  been  worked  up  by  Mr.  M'Lachlan,  prove  that,  between  80° 
and  83°  N.,  in  Grinnell  Land,  the  conditions  for  the  existence  of  these 
organisms  are  far  more  favourable  than  are  those  of  lands  a  long  way  to 
the  southward. 

The  floras  of  the  series  of  channels  between  80®  and  83*^  N.,  the  shores 
of  which  have  been  botanized  by  the  ofiBcers  of  the  Polar  Expedition,  have 
yielded  upwards  of  70  flowering  plants  and  ferns,  which  is  a  much  greater 
number  than  has  been  obtained  from  a  similar  area  among  the  polar 
islands  to  the  south-westward,  and  is  unexpectedly  large.     All  are  from 
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a  much  higher  latitude  than  has  elsewhere  been  explored  botanically,  ex- 
cept the  islets  off  the  extreme  north  of  Spitzbergen.  The  species  are,  with 
two  exceptions,  all  Greenlandic.  The  exceptions  are  Androsace  septen- 
trionaliSf  which,  though  found  in  the  northern  regions  of  all  the  continents, 
has  never  elsewhere  been  seen  north  of  lat.  72°,  and  Pedicularis  capitaia^ 
an  American  and  North- Asiatic  species,  not  hitherto  recorded  north  of 
the  same  parallel. 

Spitzbergen,  stretching  from  latitude  76°  30'  to  80®  N.,  quite  to  the 
south  of  the  positions  here  referred  to,  has  contributed  not  more  than 
100  flowering  plants  and  ferns,  notwithstanding  that  its  west  coast  is 
washed  by  the  Gulf-stream,  and  that  its  shores  have  been  diligently 
explored  by  many  trained  collectors.  Fifteen  of  the  plants  collected  by 
the  Expedition  have  not  been  found  anywhere  in  Spitzbergen.  CJompared 
with  Melville  Island,  in  lat.  75°  N.,  and  Port  Kennedy,  in  72°  N.,  the 
contrast  is  even  more  striking,  these  well-hunted  spots,  both  so  much 
further  south,  yielding  only  67  and  52  species  respectively. 

This  extension  of  the  Greenland  flora  to  so  very  high  a  latitude  can 
only  be  accounted  for  by  the  influence  of  warm  currents  of  air,  or  of  the 
air  being  warmed  by  oceanic  currents,  during  some  period  of  the  summer; 
and  I  look  with  great  interest  to  the  meteorological  observations  made 
during  the  voyage,  which  are  being  discussed  by  Sir  George  Nares,  who 
hopes  to  have  them  completed  in  a  couple  of  months.  The  observations  on 
the  temperature  of  sea-water  will,  he  expects,  give  new  information ;  and 
the  study  of  certain  warm  gales  and  warm  currents  that  were  observed  in 
lat.  82°  and  83°  N.  can  hardly  fail  to  increase  our  knowledge  of  the  local 
climate. 

May  not  these  phenomena  of  vegetation  and  temperature  indicate  the 
existence  of  large  tracts  of  land  clothed  with  vegetation  in  the  interior 
of  Greenland,  far  within  the  mountain-ranges  of  its  ice-clad  coast,  and 
protected  by  these  from  the  heavier  snowfalls  and  from  the  accumu- 
lation of  glacial  ice  which  borders  that  island  on  all  sides  ? 

The  fossil  plants  collected  have  been  examined  and  reported  upon  by 
Professor  Heer.  Of  these  the  most  important  are  the  IViiocene.  They 
consist  of  25  identifiable  species,  of  which  18  are  known  Arctic  Miocene 
fossils.  All  but  one  had  been  previously  found  in  Spitzbergen.  The  most 
interesting  of  them  is  the  Conifer,  assumed  to  be  identical  with  the 
existing  American  "  Bald  Cypress,"  Tcuvodium  distichum,  a  plant  which  is 
now  confined  to  Eastern  North  America,  from  lat.  39°  southwards,  and  to 
which  specimens  found  in  the  Miocenes  of  France,  Italy,  Prussia,  Green- 
land, and  N.W.  Ameiica  have  also  been  referred. 

Professor  Heer  further  thinks  that  he  has  identified  the  remains  of  a 
Spruce  with  the  European  and  Asiatic  Norway  Spruce  {Abies  exc€ha\ 
which  occurs  as  a  fossil  only  in  Postpliocene  beds.  Its  existence  in 
the  Miocene  period  only  in  such  a  high  latitude  would  indicate  that  it  is 
a  polar  form  which  has  migrated  southward  in  more  recent  times. 
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This  tracking  of  the  Miocene  flora  so  far  to  the  northward  was  one  of 
the  principal  scientific  objects  to  be  accomplished  by  the  Polar  Expedition  ; 
and  the  fact  that  the  character  thereof  continues  to  be  neither  polar 
nor  arctic,  but  temperate,  supports  the  hypothesis  that  during  the  era  in 
question  a  vegetation  analogous  to  that  now  prevailing  in  the  temperate 
latitudes  entirely  covered  the  north-polar  area  of  the  globe. 

Other  branches  of  Geology  have  yielded  very  valuable  results  in  the 
hands  of  Mr.  Etheridge,  who  has  worked  up  the  very  large  number  of 
Palaeozoic  fossils  collected  especially  by  Capt.  Feilden.  These,  with  the 
Carboniferous,  Miocene,  and  Postpliocene  fossils,  animal  and  vegetable, 
and  the  abundant  rock  specimens,  have  thrown  more  light  on  the  former 
condition  of  the  circumpolar  regions  than  perhaps  all  the  collections  of 
previous  expeditions. 

Capt.  Evans  has  been  so  good  as  to  supply  me  with  the  results 
of  the  magnetical  observations  made  during  the  voyage,  which  were  in 
general  accordance  with  those  of  the  American  expeditions  to  Smith's 
Sound.  Nearly  continuous  hourly  observations  of  the  Differential  Decli- 
nation Magnetometer  were  taken  throughout  the  winter  from  October  to 
April.  With  an  inclination  of  nearly  85°,  and  a  horizontal  force  of  1"13, 
the  westerly  declination  disturbance  occurred  usually  between  9  a.m.  and 
5  P.M.,  the  easterly  between  9  p.m.  and  5  a.m.,  the  arc  ranging  through 
8°.  The  greatest  range  (Feb.  19,  1876)  reached  5°  48' ;  the  lowest 
(July  12,  1876)  was  scarcely  7'.  Compared  with  the  results  of  previous 
expeditions,  we  find  that,  at  Rensselaer  Harbour,  with  horizontal  force 
of  1-14  and  inclination  nearly  85°,  the  ranges  were  respectively  4°  52'  and 
1°  V ;  while  at  Port  Bowen,  with  horizontal  force  0°  46'  and  inclination 
88°,  they  were  11°  56'  and  0°  35'  respectively.  The  mean  daily  range  of 
declination  was  86°-8,  and  mean  declination  101°  42'  W, 

The  observers  were  on  the  alert  to  observe  any  signs  of  connexion 
between  the  auroral  displays  and  declination-disturbances,  but  to  no 
purpose ;  for,  as  with  Parry  in  Port  Bowen,  and  Kane  in  Eensselaer 
Harbour,  no  evidence  was  discoverable.  On  the  other  hand,  various 
previous  voyagers  have  registered  a  marked  connexion,  as  at  Port  Ken- 
nedy by  Maguire,  at  Point  Barrow  by  M*Clintock,  and  in  the  Spitz- 
bergen  seas  by  Weyprecht.  Considering  that  there  can  be  no  doubt  as 
to  the  tnist worthiness  of  all  these  observers,  a  decisive  solution  of  the 
question  is  greatly  to  be  desired. 

Sir  William  Thomson  and  Prof.  Everett  have  examined  the  few  obser- 
vations made  for  the  amount  of  atmospheric  electricity,  with  the  result  of 
finding  that  they  confirm  the  observations  of  former  explorers. 

Sir  George  Nares  has  obligingly  sent  me  a  rSsumS  of  some  of  the  prin- 
cipal meteorological  results,  and  their  comparison  with  those  taken  at 
Polaris  Bay  in  1871-72 :  for  example :  — 


Digitized  by  VjOOQ IC 


436  Anniversary  Meeting.  [Nov.  30^ 


Mean  n-nn^i^l 
pressure. 

Mean  n-nTniitl 
temperature. 

Minim  am 
temperatan. 

*  Alert/  Floeberg  Beach.  • . .  29-869 
'Discovery/ Discovery  Bay.  29-887 
Polaris  Bay 29-970 

-3-467 
-3-932 
4-4-196 

-73-75 

-70-8 

-45-5 

Minimum  temperature  of  earth  20  inches  beneath  sur&oe,  — 13°*0. 

The  warmer  temperature  at  Floeberg  Beach  was  due  to  its  exposure  to 
the  warm  winter  gales,  from  which  Discovery  Bay  was  cut  off.  The  still 
warmer  temperature  of  Polaris  Bay  is  partly  attributable  to  there  being 
some  uncovered  water  in  the  neighbourhood. 

The  barometer  indicated  and  foretold  changes  in  the  weather  as  in  tem- 
perate regions. 

Making  due  allowance  for  unavoidable  sources  of  error,  the  temperatures 
of  the  sea  observed  on  the  west  shores  of  Smith's  Sound  prove  the  existence 
of  a  stratum  of  cold  outer  water  (temperature  about  29°)  lying  between  the 
locally  heated  surface-water  and  a  depth  of  twenty  to  thirty  fathoms,  flow- 
ing southward  in  summer,  as  also  of  an  underlying  stratum  with  a  tem- 
perature of  about  30°.  This  latter  was  not  found  near  Floeberg  Beach  ; 
but,  coupled  with  the  1872  observations  of  the  *  Polaris/  which  showed  a 
temperature  of  32^-8  at  203  fathoms  in  lat.  80''  44'  N.  (midway  between 
Franklin  and  Hals  Islands,  in  Eobison  Channel),  and  32'"' 1  at  17  fathoms 
in  Polaris  Bay,  it  would  appear  that  the  warm  underlying  water  forces 
itself  to  the  northward  on  the  east  side  of  Eobison  Giannel.  Its  entrance 
into  the  polar  sea  or  not  will  depend  on  the  depth  of  water  at  the  north 
end  of  the  channel.  They  also  prove  the  non-existence  of  a  lower  tem- 
perature of  the  water  than  28*^-8  at  a  depth  below  275  fathoms  in  Smith's 
Sound  or  Baffin's  Bay.  The  coldest  portion  of  the  arctic  water  appears 
not  to  affect  Hayes  Sound  or  Discovery  Bay  to  so  great  an  extent  as  that 
of  the  direct  channel. 

The  Rev.  Dr.  Haughton,  to  whom  the  tidal  observations  of  the 
*  Discovery '  and  *  Alert '  were  entrusted,  informs  me  that  he  has  com- 
pleted the  preliminary  discussion  of  the  whole,  and  hopes  to  present  the 
final  results  of  those  of  the  '  Discovery '  to  this  Society  before  June  next. 
He  remarks  that  the  *  Discovery '  was  better  provided  for  observations 
than  the  *  Alert,'  and,  fortunately,  her  position  was  better  also,  as  she  lay 
nearer  the  head  of  the  tide  at  Cape  Payer.  The  officer  charged  with  the 
observations,  Lieut.  Archer,  made  them  hourly  for  seven  months,  with  only 
six  days  of  interpolation.  The  officers  of  the  *  Alert '  were  able  to  make 
hourly  observations  for  two  months  only,  with  fifteen  days  of  interpo- 
lation. 

Dr.  Haughton  has  already  arrived  at  the  following  general  conclu- 
sions : — 1.  The  tide  which  comes  down  Smith's  Sound  from  the  ncrth  is 
generically  distinct  from  the  Behring's  Straits  tide  and  from  the  Baffin's 
Bay  tide.    2.  It  must  therefore  be  the  East-Greenland  Atlantic  tide; 
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and  consequently  Greenland  is  an  island.    3.  This  new  tide  contains  a 
sensible  tertio-diumal  component  of  much  interest. 
The  mean  coefficients  of  the  components  are : — 

Semidiurnal  tide s=50'6  inches. 

Diurnal  tide =  6-9      „ 

Tertio-diurnal  tide =  4*5      „ 

The  *  Challenger '  Expedition, — ^You  will  hear  with  gratification  that 
the  Lords  of  the  Treasury,  after  advising  with  your  Council,  have  appro- 
priated the  munificent  sum  of  £25,000  for  publishing  the  biological 
results  of  the  voyage  in  a  style  and  Mith  a  completeness  worthy  of  the 
Expedition  and  the  nation.  Adopting  a  course  as  wise  as  it  is  liberal,  Sir 
Wyville  Thomson  has,  with  the  approval  of  your  Cbuncil  and  the  Govern- 
ment, chosen  for  his  collaborators  the  ablest  specialists,  irrespective  of 
their  nationality.  It  is  creditable  to  our  country  that,  with  but  few 
exceptions,  it  has  supplied  thoroughly  competent  and  willing  workers  in 
most  of  the  departments ;  and  association  with  such  foreign  naturalists 
as  Agassiz  and  Haeckel  cannot  fail  to  be  gratifying  to  themselves  and 
assuring  to  the  public.  I  had  the  advantage  of  inspecting  the  Echino- 
dermata  in  Professor  Agassiz's  charge  in  the  Peabody  Museum  at  Harvard 
College,  and  of  learning  the  progress  he  had  made  in  the  examination  of 
the  vast  body  of  materials  entrusted  to  him.  These,  he  informed  me,  far 
siu-passed  Sir  Wyville's  estimate  in  number  of  species  and  of  interesting 
and  novel  forms ;  and  I  was  surprised  to  find  that  the  whole  had  already 
been  sorted,  that  the  greater  part  was  named  and  ready  for  return  to 
Edinburgh,  and  that  nearly  a  dozen  exquisite  lithographic  plates  of  new 
and  rare  forms  were  prepared  for  publication. 

Sir  Wyville  Thomson  informs  me  that  he  is  already  far  advanced 
towards  the  publication  of  two  quarto  volumes,  and  that  he  estimates  the 
whole  being  completed  in  fourteen,  of  the  form  and  size  of  the  Philoso- 
phical Transactions. 

Transit  of  Venus, — Sir  George  Airy  has  been  pleased  to  inform  me 
that  the  inferences  from  the  telescopic  observations  of  the  transit  of 
Venus,  made  in  the  British  expeditions  for  records  of  that  phenomenon, 
under  the  superintendence  of  the  Astronomer  Hoyal,  have  now  been  pub- 
lished— first,  in  response  to  an  order  of  the  House  of  Commons ;  secondly, 
in  a  more  elaborate  communication  to  the  Eoyal  Astronomical  Society. 
The  number  of  districts  of  observation  was  five,  but  each  of  these  included 
a  principal  and  some  subordinate  stations.  The  number  of  observers  was 
eighteen,  and  as  some  of  them  observed  both  ingress  and  egress  of  Venus 
at  the  Sun's  limb,  the  total  number  of  observations  was  fifty-four.  The 
concluded  value  of  equatorial  mean  solar  parallax  was  8"*  754.  The 
calculation  of  the  photographic  records  of  the  transit  is  advancing 
rapidly. 
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The  Beport  on  the  results  of  the  total  Solar  Eclipse  of  1875,  announeed 
in  my  last  year's  Address  as  being  drawn  up  by  Mr.  Lockyer,  is  now  in 
our  hands. 

Tlie  Harvard  College  Observatory  (UJS,). — During  my  recent  visit  to 
the  United  States,  I  was  for  a  short  time  a  guest  at  the  Cambridge 
Botanic  Gkirden,  and  consequently  in  close  proximity  to  the  fine  Obser- 
vatory of  Harvard  College,  to  which  I  paid  several  visits,  bdng  most 
kindly  received  by  Professor  Pickering,  successor  to  the  distinguished 
astronomer,  W.  C.  Bond.  The  system  carried  out  in  this  observatory  is 
known  to  British  Astronomers  to  be  so  productive  of  good  results  that 
I  felt  sure  that  some  account  of  it  would  be  acceptable  to  the  Fellows 
of  the  Iloyal  Society ;  and  I  therefore  availed  myself  of  Mr.  Pickering's 
good  offic*e8  to  obtain  a  few  particulars. 

The  current  work  of  the  Observatory  is  threefold,  and  consists  of  obser- 
vations with  the  15-inch  equatorial,  with  the  8-inch  aperture  meridian 
circle,  and  communication  of  true  time-signals  to  the  public. 

The  principal  work  of  the  equatorial  is  photometrical,  an  instrument 
having  been  devised  by  the  Astronomer  by  which  two  stars  may  be  com- 
pared directly  without  using  an  artificial  star  as  an  intermediate  step 
in  the  measurement.  By  this  means  the  relative  brightness  of  the 
components  of  numerous  double  stars,  including  some  having  only 
very  faint  components,  as  also  the  relative  brightness  of  the  satellites  of 
Jupiter  and  Saturn,  has  been  determined. 

At  the  time  of  my  visit  Prof.  Pickering  was  engaged  in  a  special  study 
of  the  newly  discovered  satellites  of  Mars,  one  of  which,  the  outer,  I  had 
the  satisfaction  of  observing  through  the  equatorial.  Their  brightness  he 
had  determined  by  three  very  ingenious  methods  : — 1st,  by  comparison 
with  an  image  of  Mars  shimng  through  a  very  minute  circular  hole  placed 
at  the  focus  of  the  telescope ;  2nd,  by  comparing  the  satellite  with  a 
minute  image  of  Mars  formed  in  the  field  of  the  large  telescope  by  a  small 
auxiliary  telescope  ;  3rd,  by  reducing  the  light  of  the  inner  satellite  by 
one,  two,  or  three  plates  of  microscope-glass,  until  its  brightness  was 
equal  to  that  of  the  outer  satellite.  Of  these  methods  the  second  showed 
that  the  outer  satellite  does  not  partake  of  the  red  colour  oi  Mars. 

The  meridian  circle  was,  or  had  lately  been,  in  use  for  the  following 
purposes  : — 1st,  the  determination  of  the  position  of  all  stars  bri^ter 
than  the  0th  magnitude  contained  in  the  zone  50^-55°  N. ;  2nd,  observi^ 
tions  of  Mars  during  the  opposition  of  last  summer  for  the  solar  parallax ; 
3rd,  observations  of  a  list  of  composite  stars,  at  the  request  of  Mr.  GiU, 
for  determining  the  solar  parallax  by  means  of  Ariadne ;  4th,  prepara- 
tions are  being  made  for  the  determination  of  the  absolute  poeition 
of  a  catalogue  of  stars,  independently  of  all  previous  observations^  and, 
5th,  for  the  publication  of  a  catalogue  of  polar  stars  observed  in  1872- 
1873 ;  6th,  with  the  assistance  of  the  U.S.  Coast  Survey,  a  be^iinning 
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has  just  been  made  of  the  measurement  of  all  stars  in  the  northern 
hemisphere  brighter  than  the  6th  magnitude,  whose  positions  have  not 
recently  been  determined  with  precision. 

Time-signals  for  the  meridian  of  Boston  are  sent  by  telegraph  every 
two  seconds  from  the  Observatory ;  they  are  used  by  the  local  railways, 
are  transmitted  over  a  large  area  of  New  England,  and  they  strike  the 
noon-bells  in  Boston  and  in  many  of  the  smaller  towns. 

Besides  the  above,  several  thousand  observations  for  atmospheric  refrac- 
tion were  made,  with  the  assistance  of  the  Eumford  Committee,  during  last 
summer  with  a  micrometer  level,  simple  in  construction  and  accurate 
and  rapid  in  action,  invented  by  Mr.  Pickering. 

UniUd  Stated  Sdentijic  Surveys, — Of  the  many  surveys  of  the  United 
States  territories  undertaken,  some  by  the  Central  Government,  others 
by  State  governments,  and  still  others  by  private  enterprise,  more  or 
less  aided  by  public  funds,  none  has  effected  so  much  for  science  as 
that  directed  by  Dr.  Hayden.  Its  publications,  distributed  with  great 
liberality,  are  in  every  scientific  library,  and  its  Director  is  honoiured  no 
less  for  the  energy  and  zeal  with  which  he  has  laboured  as  a  topographer 
and  geologist,  than  for  the  enh'ghtened  spirit  in  which  he  has  sought  to 
render  the  resources  of  the  Survey  available  for  the  advancement  of  all 
branches  of  natural  knowledge  by  every  means  in  his  power,  and  with 
adsiin^le  impartiality. 

Having  obtained  an  extended  leave  of  absence  from  my  official  duties 
at  the  Boyal  (hardens,  I,  at  the  close  of  our  last  session,  accepted  an  inri- 
tation  from  Dr.  Hayden  to  join  his  survey,  and,  in  company  with  our 
Fordgn  Member,  Prof.  Asa  Gray,  to  visit,  under  his  conduct,  the  Eocky 
Mountains  of  ColcHrado  and  Utah,  with  the  object  of  contributing  to  the 
records  of  the  Survey  a  report  on  the  Botany  of  those  States. 

I  have  thus  had  some  opportunity  of  learning  for  myself  the  extent 
and  value  of  the  operations  of  the  Survey,  which  are  so  interesting  that 
I  venture  to  think  a  brief  sketch  of  its  rise  and  progress  and  a  few  of  its 
results  may  be  acceptable  to  you. 

When  the  territory  of  Nebraska  was  admitted  into  the  Union  in  1867, 
Ccmgress  set  apart  an  unexpended  balance  of  £1000  for  a  Geological 
Survey  of  the  new  State ;  and  Dr.  Hayden,  then  a  young  man  who  had 
distinguished  himself  as  an  indefatigable  palsDontological  observer  and 
ooUector  (in  various  expeditions  since  1853),  was  appointed  to  conduct 
it.  In  1868  the  operations  of  the  Survey  were  continued,  and  carried 
westward  into  the  Eocky  Mountains  of  Wyoming,  the  rich  Tertiary  and 
Cretaceous  beds  of  which  were  examined  and  described  in  detail,  and  the 
fftiBOUS  Yellowstone  district,  with  which  Dr.  Hayden's  name  will  ever 
be  associated,  was  reconnoitred.  The  value  of  the  Survey  was  imme- 
diately appreciated,  and  in  1869  a  large  appropriation  was  voted  by 
Congress  for  placing  it  on  its  present  footing  under  ijie  supervision 
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of  the  Secretary  of  State  for  the  Interior.  In  1869  and  1870  open- 
tions  were  carried  on  in  Colorado  and  New  Mexico ;  and  full  reports 
on  the  meteorology,  agriculture,  zoology,  and  palieontology  of  these 
regions,  of  great  interest  and  importance,  were  drawn  up  and  subse- 
quently published.  In  1871  the  detailed  survey  of  this  Yellowstone 
district  was  begun,  and  those  marvellous  natural  features  were  carefully 
studied,  which  have  excited  the  liveliest  interest  in  Europe,  and  have 
induced  Congress,  on  Dr.  Hayden's  representations,  to  appropriate  the 
whole  area  as  a  Government  reserve,  thus  securing  to  naturalists  free 
access  .to  natural  phenomena  which  in  other  places,  both  in  Europe  and 
America,  are  too  often  monopolized  by  speculators  and  closed  to  the 
public. 

In  1872  the  Survey  was  further  extended,  and  was  organized  into  two 
corps,  each  provided  with  a  topographer,  geologist,  mineralogist,  meteoro- 
logist, and  naturalist,  and  the  States  of  Idaho  and  Montana  were  embraced 
in  its  operations  ;  in  1873  it  was  pushed  into  Colorado,  thence  into  Utah, 
and  on  its  completion  in  1876,  an  area  of  not  less  than  70,000  square 
miles,  much  of  it  exceedingly  mountainous,  had  been  included  in  the  Survey. 

The  literature  of  the  Survey  consisted,  in  1876,  of  41  volumes,  classi- 
fied as  follows : — 1,  annual  reports,  with  maps  and  sections ;  2,  bulletins 
for  giving  speedy  publicity  to  new  facts ;  3,  miscellaneous  publications, 
comprising  tables  of  elevations,  catalogues  of  plants  and  animals,  and 
meteorological  data;  4,  monographs  on  various  branches  of  natural 
history,  especially  palaeontology,  copiously  illustrated  with  admirable 
plates  in  quarto,  among  which  are  the  works  of  Leidy,  Lesquereui, 
Coues,  C.  Thomas,  Cope,  Parry,  Meek,  Packard,  SilHman,  Hayden 
himself,  and  others,  all  of  whom  are  well  known  on  this  side  of  the 
Atlantic;  lastly,  the  number  of  photographs  now  exceeds  4000,  and 
includes,  besides  geological  and  geographical  features  of  great  interest, 
views  of  ancient  architectural  remains,  and  of  1200  Indians,  belonging 
to  74  tribes. 

In  giving  these  particulars  I  speak  from  some  personal  knowledge. 
I  wish  that  the  same  could  be  said  of  the  local  habitation  of  the  Survey 
and  its  museum,  which,  I  am  assured,  contains  a  very  extensive  and 
instructive  collection ;  but  these  are  at  Washington,  and  my  pressing 
duties  here  and  at  Kew  prevented  my  visiting  the  federal  capital. 

The  most  important  scientific  results  hitherto  derived  from  the  labours 
of  Dr.  Hayden  and  his  parties  are  unquestionably  the  geological :  sudi 
as  the  delineation  of  the  boundaries  of  the  Cretaceous  and  Tertiary  seas 
and  lakes  that  occupied  more  than  one  basin  of  the  mountains  of  Central 
N.  America,  and  the  marvellous  accumulation  of  fossil  Vertebrates  that 
these  ancient  shores  have  yielded.  Over  an  area  of  many  hundred  thousand 
square  miles  in  North  America  there  have  been  found,  within  the  last  very 
few  years,  beds  of  great  extent  and  thickness,  of  all  ages  from  the  Trias  on- 
wards, containing  the  weU-preserved  remains  of  so  great  a  mtdtitude  of 

Digitized  by  VjOOQ IC 


1877.]  President's  Address.  441 

fljring,  creeping,  and  walking  things,  referable  to  so  many  orders  of 
plants  and  animals,  and  often  of  such  gigantic  proportions,  that  the  pale- 
ontologists of  the  States,  with  museums  vastly  larger  than  our  own,  are 
at  a  loss  for  space  to  exhibit  them.  So  common  indeed  are  some  species, 
and  so  beautifully  preserved,  that  I  saw  numbers  of  them,  especially 
insects,  plants,  and  fishes,  exposed  for  sale,  and  eagerly  purchased  by 
travellers,  with  confectionery  and  fruit,  at  the  stalls  of  the  railway  stii- 
tions,  from  the  eastern  base  of  the  Eocky  Mountains  all  the  way  to 
California. 

An  examination  of  some  of  these  fossils  has  brought  to  light  the  im- 
portant fact  that  in  North  America  there  is  no  recognized  break  between 
the  Cretaceous  and  Tertiary  beds.  This  is  due  to  the  interpolation  of  a 
vast  lignitic  series  the  fossils  of  which  furnish  conflicting  evidence.  Con- 
cerning this  series  Dr.  Hayden,  who  has  traced  it  over  many  hundred 
miles,  observes*  that  the  character  of  its  palcBontological,  as  well  as  of 
its  strictly  geological,  results  is  such,  that  whether  the  entire  group  be 
placed  in  the  Lower  Tertiary  or  Upper  Cretaceous  is  unimportant,  and 
that  the  testimony  of  palaeontologists  will  probably  always  be  as  conflicting 
as  at  present. 

Professor  Marsh,  of  Yale  College,  Newhaven,  one  of  the  highest 
authorities  in  America,  has  found  that  not  even  invertebrate  fossils  afford 
a  satisfactory  solution  of  the  difficulty.  "  These,"  he  says,  "  throw  little 
light  on  the  question;"  and  he  is  obliged  to  assume  that  "the  line,  if 
line  there  be,  must  be  drawn  where  the  Dinosaurs  and  other  Mesozoic 
Vertebrates  disappear,  and  are  replaced  by  the  Mammals,  henceforth  the 
dominant  type." 

This  last  passage  I  have  taken  from  the  lucid  address  of  Professor 
Marsh  to  the  meeting  of  the  American  Association  for  the  Advancement 
of  Science,  held  last  autumn  at  Nashville,  to  which  I  must  refer  for  an 
exposition  of  the  riches  of  the  fossil  Vertebrate  fauna  of  these  regions,  of 
the  convincing  proofs  they  afford  of  the  doctrine  of  Evolution,  and  of 
the  light  they  throw  on  the  introduction,  succession,  and  dispersion  of 
existing  organisms  in  the  New  World.  Among  the  suggestive  obser- 
vations with  which  this  address  abounds  is  another  in  reference  to  this 
question  of  the  disputed  horizons  of  the  Cretaceous  and  Eocene  beds — 
namely,  its  dependence  on  the  relative  value  to  be  given  to  evidence 
derived  from  plant  and  animal  remains.  He  concludes  that  plants  afford 
unsatisfactory  measure  of  geological  periods  as  compared  with  animals 
— a  conclusion  at  which  I  had  long  ago  arrived.  We  agree  further  that 
a  chief  cause  of  this  difference  of  value  is  the  less  complex  organization 
of  plants,  which  hence  furnish  less  evidence  of  the  influences  of  envi- 
roning conditions ;  to  which  might  be  added  the  feeble  conflict  among 
the  higher  members  of  the  vegetable  kingdom  as  compared  with  the 
vertebrates,  their  stationary  habits,  and  the  duration  of  similar,  if  not 
•  Report  of  Geological  Surrey,  1874,  p.  20. 
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identical,  forms  through  long  geological  ages,  which  has  always  appeared 
to  me  to  be  one  of  the  most  signal  characteristics  of  the  early  condition 
of  the  higher  plants  as  compared  with  the  higher  animals.  Other,  and 
perhaps  even  more  cogent,  reasons  for  plants  being  so  little  satisi&ictory 
is,  that  their  reprodactive  organs,  those  upon  which  the  classification 
is  principally  based,  are  rarely  preserved,  and  seldom  in  connexion  with 
the  vegetative  organs,  which  are  abundantly  preserved ;  and  that,  with 
regard  to  these,  the  vegetative  organs,  their  prevalent  and  best-preserved 
characters,  outline  and  venation,  vary  in  individual  species  to  a  surprisixig 
degree,  and,  being  repeated  in  groups  otherwise  in  no  way  related,  beccune 
too  often  fallacious  guides. 

Another  result,  previously  obtained  in  respect  of  other  organisms,  but 
ably  worked  out  by  Professor  Marsh  as  regards  the  Vertebrates,  is  that  all 
the  Tertiary  beds  of  North  America — Eocene,  Miocene,  and  Pliocene— are 
of  older  date  than  the  corresponding  beds  in  Europe.  This,  though  appa- 
rently supported  by  his  conclusions  that  the  main  migrations  of  animals 
took  place  from  the  American  to  the  Asiatic  continent  (which  he  deduces 
from  the  American,  as  compared  with  the  European,  life-histories  of  the 
Edentata,  Marsupialia,  Ungulata,  Eodentia,  Camivora,  and  even  Primates), 
is  a  very  bold  generalization.  Without  presuming  to  question  the  abun- 
dance and  teachings  of  the  American  data,  I  cannot  but  think  that  his 
theory  of  migration  is,  in  the  present  state  of  palaeontology,  premature, 
especially  under  our  almost  absolute  ignorance  of  the  Vertebrate  fossils  of 
the  continents  of  Asia  and  Africa.  The  prodigal  palaeontological  wealth  of 
the  United  States,  as  compared  with  the  poverty  of  that  of  Europe  as  yet 
known,  may  be  likened  to  that  of  a  metropolitan  museum  or  library  as 
contrasted  with  a  provincial  collection  ;  and  with  regard  to  Central  Asia 
especially,  there  are  indications,  in  the  narratives  of  travellers  and  the  re- 
ports of  natives,  of  vast  accumulations  of  vertebrate  fossils  there  existing. 
These  may  revolutionize  our  present  ideas,  as  Falconer's  and  Oautley^s 
discoveries  in  the  outer  Himalayas  did  those  of  our  predecessors ;  and 
he  would  be  a  rash  speculator  who,  having  studied  what  is  known  of  the 
physical  geography  of  Asia  north  of  that  range,  ignored  the  probability  of 
the  existence  there  of  fossiliferous  Cretaceous  and  Tertiary  seas  and  lake- 
basins,  in  comparison  with  which  those  of  the  Bocky  Mountains  may 
sink  into  insignificance,  both  as  to  extent  and  productiveness.  Professor 
Huxley  has,  indeed,  suggested,  as  an  alternative  or  escape,  the  possible 
former  existence  of  a  submerged  continent,  from  which  both  Asia  and 
America  derived  their  types  of  animals  and  plants,  which  is  tantamount 
to  an  opinion  that  the  subject  is  not  yet  advanced  enough  for  other  than 
speculation. 

Other  results  of  Professor  Marsh's  labours  are  equally  instructive 
— such,  I  mean,  as  support  the  doctrine  of  Evolution ;  but  these  have 
been  made  known  to  the  scientific  public  of  this  country  by  Mr. 
Huxley,  who  exammed  the  Tale  CoU'^ge  Museum  bst  year.     Since  then, 
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as  I  was  informed  by  the  Professor,  daring  a  visit  to  the  same  museum, 
his  species  and  specimens  have  largely  increased  in  number  and  propor- 
tionately in  value — that  is,  from  the  palsBontological  point  of  view ;  and 
the  address  which  I  have  quoted  gives  a  summary  of  the  state  of  the  whole 
collection  up  to  the  present  time. 

A  few  words  on  the  magnificent  collection  of  vegetable  remains,  Creta- 
ceous and  others,  that  have  been  studied  and  described  by  Mr.  Leo 
Lesquereux  in  various  published  Eeports  of  the  U.  S.  Geological  Survey, 
and  in  separate  works  issued  under  its  auspices,  may  be  fitly  spoken  here. 
It  would  be  difficult  to  overrate  the  value  of  these  contributions  to  fossil 
Botany,  which,  in  its  present  state  of  advancement,  affords  no  results 
comparable  with  those  obtained  from  the  animal  kingdom  for  fixing  the 
limits  of  periods,  tracing  the  direction  of  migrations  and  the  areas  of 
distribution,  or  for  following  the  devious  paths  of  evolution.  In  the 
whole  range  of  the  natural  sciences  no  study  is  so  difficult,  and  at  the 
same  time  so  fruitless,  if  we  regard  the  amount  of  results  accepted  by 
botanists,  as  compared  with  the  prodigious  labour  their  acquisition 
by  palsDontologists  has  demanded.  Of  all  the  orders  of  fossil  plants  of 
the  formations  referred  to,  the  Gymnosperms  alone  have,  as  a  rule,  yielded 
much  trustworthy  information ;  and  this  is  due  to  their  texture,  to  the 
peculiar  character  of  their  vegetative  and  reproductive  organs,  to  the 
frequent  adhesion  of  these  to  the  branchlets,  to  their  gregarious  habits, 
to  their  wide  distribution,  and  to  their  close  affinity  with  existing  species. 
Of  other  orders  and  genera  of  plants,  with  the  exception  of  a  few  with 
well-characterized  foliage,  as  the  ]^alms,  the  identifications  of  a  large  pro- 
portion hitherto  published  are  not  recognized  as  having  much  claim  to 
confidence  by  those  who  have  the  largest  acquaintance  with  the  varied 
forms  of  the  vegetative  organs  of  plants.  And  if  the  identification 
of  the  fossil  leaves  of  one  country  is  so  hazardous,  what  must  be  the  risk 
of  identifying  the  fossil  leaves  of  one  continent  with  those  of  another  ? 
a  forlorn  hope  which  has  constantly  to  be  resorted  to.  The  result,  in 
the  case  of  the  North- American  Cretaceous  and  Tertiary  floras,  has 
been  the  discovery  of  certain  well-ascertaiued  plants,  which  would 
appear  to  show  that  various  prevalent  existing  American  genera  have 
inhabited  that  continent  from  a  very  early  period ;  but  that,  along  with 
them,  there  existed  types  of  European,  Asiatic,  and  Australian  genera, 
temperate  and  tropical,  that  are  no  longer  associated  anywhere  on  the 
globe  in  a  state  of  nature.  It  is  well,  under  such  perplexing  conditions, 
that  men  of  ability  and  unconquerable  zeal  (such  as  Heer,  Saporta,  and 
Lesquereux)  are  to  be  found  who  will  undertake  to  investigate  them ;  and 
while  thanking  them  cordially  for  what  they  have  done,  I  would  urge 
upon  them  the  importance  of  constant  reference  to  large  Herbaria,  in 
order  to  enable  them  fully  to  appreciate  the  variability  of  foliar  organs, 
and  the  deceptive  nature  of  the  characters  they  present. 

Though  doubtless  the  most  productive  to  science  generally.  Dr.  Hay  den's 
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is,  I  need  hardly  say,  neither  the  oldest  of  the  States'  Surveys  nor  the  first 
that  brought  its  resources  to  bear  on  other  matters  than  geography  and 
geology.  Indeed,  from  the  beginning  of  the  century,  the  Americans  have 
busied  themselves  with  inquiries  into  the  resources  and  productions  of 
their  States — never  on  any  recognized  system,  too  often  under  difficulties 
and  discouragements,  not  seldom  to  be  nipped  in  the  bud,  or,  worse  still, 
sacrificed  when  the  fruit  was  fit  for  gathering,  through  the  ignorance  or 
parsimony  of  the  holders  of  the  national  purse  ;  but,  thanks  to  the  single- 
mindedness  of  the  labourers,  never  without  some  good,  and  often  with 
great  results.  The  Coast  Surveys  are  admirable  aJike  for  their  system, 
for  their  breadth  of  purpose,  for  the  attainments  and  ability  of  the 
officers  in  charge  of  them,  and  for  the  minute  topographic  accuracy 
aimed  at  and  attained — an  accuracy  which,  I  need  not  say,  is  unattain- 
able by  such  surveys  as  that  here  briefly  described.  The  various  surveys 
for  railways  across  the  continent  have  contributed  a  very  library  to  natural 
science  in  many  departments ;  and  some  of  the  individual  States  have, 
through  the  like  agency,  contributed  greatly  to  our  knowledge  of  their 
natural  history  and  other  products.  For  an  excellent  and  full  account  of 
the  history,  labours,  and  results  of  all  these,  I  must  refer  you  to  Prof. 
Whitney's  article  on  "  Geographical  and  Geological  Surveys "  in  the 
*  North  American  Eeview '  for  July  and  September  1875,  which  he  was 
so  kind  as  to  send  me  at  the  moment  of  my  departure  from  the  States. 
Prof.  Whitney's  own  Geological  Survey  of  California  and  Nevada  is  one 
of  the  very  best  of  the  series.  It  was  begun  in  1864,  and  continued  for 
ten  years ;  but  after  the  publication  of  a  topographical  map,  and  some  very 
valuable  results,  including  natural  history,  at  a  most  moderate  cost,  the 
whole  work  was  stopped  by  the  State  Legislature,  and  the  geological  maps 
and  sections,  though  admirable  and  paid  for,  have  consequently  never  been 
given  to  the  public  !  The  last  of  these  Surveys  which  I  shall  mention  is 
that  of  Kentucky  by  Professor  Shaler,  the  State  Surveyor,  of  which  the 
first  volume  of  the  Report  has  just  appeared,  containing,  besides  articlee 
on  prehistoric  remains,  fossil  Brachiopods,  and  caverns  and  cavem-life, 
an  exhaustive  article  by  Mr.  Allen,  of  singular  interest,  on  the  Bisons  of 
America,  living  and  extinct. 

The  American  Flora. — Though  I  have  as  yet  little  to  say  of  the  results 
of  Dr.  Gray's  and  my  own  investigations  under  the  Survey,  I  have  every 
reason  to  hope  that,  having  been  extended  through  the  Sink,  Salt,  or  desert 
regions  west  of  the  Rocky  Mountains,  and  thence  across  the  Sierra  Nevada 
to  the  Pacific  coast,  they  will,  with  the  materials  previously  obtained  by  my 
fellow  traveller  and  myself,  enable  us  to  correlate  our  several  researches 
into  the  distribution  of  North- American  plants,  and  to  point  out  the 
lines  along  which  the  migrations  of  the  existing  types  were  directed,  and 
the  countries  whence  they  migrated. 

As  regards  the  components  of  the  United-States  flora,  these  seemed  to 

Digitized  by  VjOOQ IC 


1877.]  President's  Address.  445 

us  to  be  threefold,  and  to  be  intermixed  throughout  the  continent — an 
endemic  American,  a  European,  and  an  Asiatic :  it  seemed  that  the  flora 
was  a  ternary  compound,  so  to  speak,  while  that  of  the  temperate  Old 
World  was,  in  a  continental  point  of  view,  binary — Europe  and  Asia 
haying  many  types  in  common,  but  very  few  representatives  of  the  strictly 
American  flora.  The  distribution  of  North-American  plants,  unlike  the 
European,  is  mainly  in  a  meridional  direction,  the  difference  of  the  floras 
of  the  Eastern,  Central,  and  Western  States  being  wonderfully  great — far 
greater  than  those  of  similarly  situated  regions  in  the  Old  World.  The 
European  components  extend  over  the  whole  breadth  of  the  continent, 
diminishing,  however,  to  the  westward.  The  American  components  present 
many  localized  genera, inhabiting  the  Eastern,  Central,  and  Western  States 
respectively;  they  increase  in  numbers  and  peculiarity,  as  also  in  restriction 
of  range,  towards  the  west.  The  Asiatic  components  are  found  both  in  the 
Eastern  and  Western  States,  but  hardly  at  all  in  the  Central ;  and  some 
of  them  are  common  to  both  the  east  and  west,  while  others  are  peculiar  to 
each.  But  whereas  the  European  components  prevail  on  the  side  towards 
Europe,  the  maximum  of  Asiatic  representation  is  on  that  remote  from 
Asia.  This  has  been  conspicuously  shown  by  Gray's  discovery,  in  the 
Eastern  States,  of  single  representatives  of  Japanese  genera  previously 
supposed  to  be  monotypic ;  and  what  is  most  noteworthy  is,  that  such 
representatives  are  in  some  cases  extremely  rare  and  local  plants,  found 
in  single  and  very  restricted  areas,  indicating  a  dying-out  of  the  Asiatic 
representation  in  America. 

The  evidences  of  climatic  changes  in  past  eras  of  the  existing  flora 
of  the  continent  are  seen  in  the  prevalence  of  arctic  and  northern 
species  of  plants  in  the  alpine  zones  of  the  meridional  mountain-chains, 
the  Appalachian,  Bocky  Mountains,  and  Sierra  Nevada,  even  as  far  south 
as  the  3drd  parallel.  These  plants  had  spread  southwards  during  a  period 
of  cold,  and  on  its  subsequent  mitigation  had  retired  to  the  lofty  situations 
they  now  inhabit.  To  the  former  existence  of  a  warmer  climate  we  may 
partly  look  for  the  extension  of  Mexican  types  to  the  dry  regions  west 
of  the  Bocky  Mountains  up  to  the  41st  parallel ;  and  to  it  may  be  attri- 
buted the  remarkable  northward  extension  of  the  Cacti  in  a  very  narrow 
meridional  belt,  scarcely  one  hundred  miles  broad,  along  the  eastern  flanks 
of  the  same  mountains,  from  their  head-quarters  in  New  Mexico,  in  the 
dSrd,  almost  to  the  50th  parallel. 

Of  existing  influences  that  determine  the  development  in  amount  of 
the  vegetation  of  a  country,  and  the  extension  in  various  directions  of  its 
components,  none  are  so  powerful  as  the  distribution  of  rainfall  and  of 
vapour  in  the  atmosphere.  This  subject  will  repay  a  careful  study  in 
America,  especially  in  connexion  with  the  presence  or  absence  of  wood- 
lands and  forests,  an  excellent  map  of  which  by  Professor  Brewer,  of 
Newhaven,  was  published  in  1873  by  the  Supreme  Government,  in  which 
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the  density  of  the  forests  in  each  State  is  portrayed  by  five  shades  of 
colour. 

I  must  not  end  my  notices  of  some  of  the  labours  of  our  scientific 
brethren  in  the  United  States  without  expressing  my  admiration  of 
the  spirit  and  the  manner  in  which  the  Government  and  people  have 
cooperated  in  making  known  the  physical  and  biological  features  of 
their  country,  and  my  conviction  that  the  results  they  have  given 
to  the  world  are,  whether  for  magnitude  or  importance,  greater  of 
their  kind  than  have  been  accomplished  within  the  same  time  by  any 
people  or  government  in  the  older  continents.  How  great  would  now  be 
our  knowledge  of  the  climate  and  natural  features  of  India  and  of  our 
Colonies  had  the  excellent  Trigonometrical  Survey  of  the  one  and  the 
territorial  and  G^eological  Surveys  of  the  others  been  supplemented  by 
Beports  such  as  those  to  which  I  have  directed  attention  ! 

On  the  motion  of  Mr.  De  La  Hue,  seconded  by  Sir  James  Alderson,  it 
was  resolved — "  That  the  thanks  of  the  Society  be  returned  to  the 
President  for  his  Address,  and  that  he  be  requested  to  allow  it  to  be 
printed." 

The  President  then  proceeded  to  the  presentation  of  the  Medals. 

The  Copley  Medal  has  been  awarded  to  Professor  James  Dwight  Dana, 
of  Tale  College,  Newhaven,  United  States,  for  the  numerous,  varied,  and 
important  contributions  to  Mineralogy,  Geology,  and  Zoology  with  which 
he  has  enriched  science  during  more  than  fifty  years.  Professor  Dana's 
first  published  paper  bears  the  date  of  1823,  while  the  year  1877  finds 
him,  as  ever,  vigorously  at  work. 

Commencing  his  career  with  the  inestimable  advantage  of  a  sound 
training  in  mathematics,  physics,  and  chemistry,  one  of  Professor  Dana's 
earliest  writings  is  an  essay  upon  the  connexion  of  electricity,  heat,  and 
magnetism.  He  then  turned  his  attention  to  mineralogy;  and,  after 
exhibiting  his  thorough  study  of  both  the  crystallographic  and  the  chemical 
aspects  of  minerals  by  the  publication  of  a  large  number  of  separate 
memoirs,  he  produced  a  systematic  treatise  on  mineralogy,  which  at 
once  took  the  place  it  still  holds  among  standard  works  upon  the  sub- 
ject. 

In  geology,  the  diversity  and  importance  of  Professor  Dana's  labours 
are  not  less  remarkable.  Not  only  have  multitudinous  detached  essavs, 
embodjdng  the  results  of  wide  and  accurate  observations  in  all  parts  of 
the  world,  and  on  all  classes  of  geological  phenomena,  proceeded  from 
his  pen,  but  his  *  Manual  of  Geology,'  of  which  a  new  edition  appeared 
two  years  ago,  is  at  once  a  most  clear  and  comprehensive  statement 
of  the  present  state  of  geological  science,  and  a  complete,  though 
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necessarily  condensed,  mcmograph  of  the  geology  of  North  America; 
and,  it  may  be  added,  few  treatises  on  this  branch  of  knowledge  show 
so  thorough  and  practical  an  acquaintance  with  ail  those  sciences 
which  are  auxiliary  to  geology,  or  so  extensiye  and  profound  a  study 
of  the  phenomena  presented  by  the  existing  condition  of  the  globe, 
from  the  knowledge  of  which  every  rational  attempt  to  reconstruct  the 
past  history  of  the  earth,  upon  the  data  afEorded  by  its  rocks  and  their 
organic  contents,  must  start. 

As  naturalist  to  the  United  States  Exploring  Expedition,  which  made 
a  drcumnavigatory  voyage,  under  the  command  of  Captain  Wilkes,  in  the 
years  1838  to  1842,  Professor  Dana  enjoyed  unusual  opportunities  for 
zoological  investigation ;  and  his  remarkable  works  on  the  Zoophytes  and 
the  Crustacea  observed  during  the  voyage  testify  to  the  admirable  use 
which  he  made  of  those  opportunities.  Nor  has  Professor  Dana  confined 
himself  to  the  merely  descriptive  side  of  zoology ;  but,  drawing  general 
conclusions  from  his  vast  store  of  accurate  observations,  he  has  published 
yiews  on  classification  and  on  questions  of  general  morphology  of  much 
originality  and  breadth  of  view. 

The  Medal  was  received  for  Prof.  Dana  by  the  Hon.  Edwards  Kerre- 
point.  United  States  Minister.  -  The  President,  in  delivering  the  Medal, 
expressed  his  assurance  of  the  esteem  and  regard  in  which  Prof.  Dana 
was  held  by  the  Eoyal  Society,  not  less  for  his  own  scientific  achieve- 
ments than  for  the  liberal  aid  he  has  always  rendered  to  other  investi- 
gators. 

A  Eoyal  Medal  has  been  awarded  to  Mr.  Frederick  Augustus  Abel,  for 
his  physico-chemical  researches  on  gunpowder  and  explosive  agents. 

Mr.  Abel's  career  as  a  contributor  to  chemistry  commenced  about  30 
years  ago.  Between  1847  and  1865  he  contributed  a  number  of  papers 
to  the  Chemical  Society,  which  were  published  in  their  Journal :  some  of 
the  investigations  were  made  in  conjunction  with  other  chemists ;  among 
these  were  the  action  of  nitric  acid  on  cumol  (1847),  and  researches  on. 
strychnine  (1849),  when  the  composition  of  that  alkaloid  was  finally 
established.  They  were  followed  by  papers  relating  to  metallurgy 
(copper)  and  analytical  processes,  one  of  which,  on  the  application  of  elec- 
tricity to  the  explosions  of  mines,  may  have  led  to  his  various  works  on  ex- 
plosives, on  which  the  claims  of  Mr.  Abel  for  the  distinction  of  a  Eojral 
Medal  mainly  rest.  So  far  back  as  1863  he  directed  his  attention  to 
the  study  of  gun-cotton  in  consequence  of  the  development  of  its  manu- 
^ture  in  Austria  for  artillery  purposes,  and  in  that  year  commimicated  to 
the  British  Association  a  report  on  the  preliminary  results  arrived  at 
by  his  experiments  on  the  Austrian  process,  and  the  products  furnished 
by  it. 

In  1866  a  memoir  was  sent  to  our  Society,  which  was  published  in  the 
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Phil.  Trans,  vol.  clvi.  p.  269,  "  On  the  Manufacture  and  Composition  of 
Gun-cotton."  In  this  paper,  as  the  result  of  a  long  series  of  experiments, 
made  with  great  accuracy,  the  conditions  were  laid  down  for  its  uniform 
manufacture  and  purification ;  and  the  true  nature  of  gun-cotton  (tri- 
nitro-cellulose)  was  finally  established  by  an  exhaustive  series  of  analytical 
and  synthetical  experiments. 

This  pap?r  was  follow^  by  another  in  1867,  published  in  the  Philo- 
sophical Transactions,  vol.  clvii.,  entitled,  "  On  the  Stability  of  Gun- 
cotton,"  which  was  considered  worthy  of  being  made  the  Bakerian  Lecture 
for  that  year.  This  memoir  Retails  the  results  of  four  years'  extensive 
experiments  on  the  effects  of  light  and  heat  on  gun-cotton,  and  upon  the 
protective  action  of  wat^r  at  low  and  high  temperatures.  It  will  be 
recollected  that  the  uncertain  stability  which  had  been  characteristic  of 
gun-cotton  was  conclusively  traced  to  minute  quantities  of  unstable  sub- 
stances remaining  in  the  fibre,  even  after  the  most  careful  purification 
by  the  methods  hitherto  known,  and  the  efficiency  of  simple  measures 
for  securing  the  stability  of  gun-cotton  was  established.  This  led  ulti- 
mately to  the  development  of  a  system  of  manufacture  of  gun-cotton 
which  permitted  of  its  ready  manufacture  in  a  high  state  of  purity 
(pulping). 

Mr.  Abel  did  not,  however,  confine  his  attention  to  gun-cotton ; 
and,  indeed,  in  1864  had  sent  in  a  paper  to  the  Eoyal  Society,  which 
was  published  in  the  '  Proceedings,'  vol.  xiii.,  on  "  Some  Phenomena 
exhibited  by  Gun-cotton  and  Gunpowder  under  special  conditions,"  in 
which  the  behaviour  of  these  substances  when  exposed  to  high  tempera- 
tures in  rarefied  atmospheres  and  in  different  mechanical  conditions  was 
described. 

In  1869  a  memoir,  entitled  "  Contributions  to  the  History  of  Explosive 
Agents,"  was  printed  in  the  Philosophical  Transactions,  vol.  clix.  In  this 
memoir  is  discussed  the  influence  of  more  or  less  strong  confinement  and 
other  mechanical  conditions  under  which  the  detonation  of  sudi  com- 
pounds and  mixtures  was  developed.  It  will  be  recollected  that  some 
striking  results  were  obtained  in  the  examination  of  the  behaviour  of  ex- 
plosive compounds  when  exposed  to  initiative  detonations  of  different 
character. 

These  phenomena  were  more  fully  discussed  in  a  second  memoir,  pub- 
lished in  the  Philosophical  Transactions  for  1874,  vol.  cLdv. ;  it  includes  an 
exhaustive  investigation  of  the  transmission  of  detonation  from  one  mass 
of  gun-cotton,  fulminates,  and  nitro-glycerine  to  other  distinct  masses  in 
the  open  air,  and  also  through  the  agency  of  tubes.  The  causes  of  inter- 
ference with  the  transmission  of  detonation-force,  and  the  development 
of  detonation  as  distinguished  from  explosion,  were  clearly  discussed. 
The  influence  of  dilution  by  solids  and  by  liquids  on  the  susceptibility  of 
explosives  to  detonation,  and  also  the  velocity  with  which  detonation  is 
transmitted  by  different  explosive  agents  under  various  conditions,  was 
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carefully  studied.  Some  important  results  were  obtained  by  the  compari- 
son of  the  behaviour  of  the  liquid  nitro-glycerine  and  the  solid  pulped  and 
compressed  gun-cotton  devised  by  Mr,  Abel.  Among  other  things,  the 
detonation  of  gun-cutton  when  thoroughly  saturated  with  watet,  the 
transmission  of  detonation  to  distinct  masses  of  gun-cotton  enclosed  in 
receptacles  in  which  the  space  between  the  masses  was  tilled  up  with 
water,  and,  further,  the  value  of  water  as  a  violent  disruptive  agent  (as 
in  shells)  when  it  was  caused  to  transmit  the  force  generated  by  the 
detonation  of  very  small  quantities  of  gun-cotton,  which  it  surrounded, 
were  established. 

The  last  memoir  published  in  the  Philosophical  Transactions,  on  "  Fired 
Gunpowder,"  is  a  joint  production  of  Mr.  Abel  and  Captain  Noble; 
and  as  the  merit  of  the  investigation,  which  has  occupied  the  authors  for 
some  years,  is  divided,  I  do  not  dwell  particularly  upon  it,  except  as 
affording  evidence  of  the  continuity  of  Mr.  Abel's  researches  in  physico- 
chemistry,  which  places  him  at  the  head  of  all  other  workers  in  the  line 
of  research  which  has  mainly  engaged  his  attention,  and  which  has  been 
productive  of  practical  results  of  the  greatest  importance  to  this  country. 

[The  Medal  was  received  by  Mr.  Abel.] 

A  Eoyal  Medal  has  been  awarded  to  Prof.  Oswald  Heer,  of  Zurich,  for 
his  numerous  researches  and  writings  on  the  Tertiary  plants  of  Europe, 
of  the  North- Atlantic  Islands,  North  Asia,  and  North  America,  and  for 
his  able  generalizations  respecting  their  affinities,  their  geological  and 
climatic  relations. 

It  is  mainly  to  Prof.  Heer's  labours  that  we  owe  those  great  advances 
made  of  late  in  our  knowledge  of  the  Miocene,  Pliocene,  and  Post- 
Pliocene  floras  of  Central  Europe,  which  establish  upon  broad  but  safe 
grounds  the  close  analogy  existing  between  the  vegetation  of  these  epochs 
and  that  of  the  present  period  in  Eastern  North  America  and  Eastern 
Asia.  To  Prof.  Heer  also  we  are  mainly  indebted  for  the  remarkable 
discovery  that  a  rich  and  varied  arboreous  vegetation,  strikingly  similar 
to  what  now  obtains  in  temperate  and  subtropical  countries,  once  extended 
to  the  Arctic  Circle  and  far  beyond  it — a  fact  of  which  no  adequate 
explanation  has  been  found,  and  the  importance  of  which,  in  relation  to  all 
questions  as  to  the  former  geological  and  geographical  conditions  of  the 
northern  hemisphere,  cannot  be  overestimated. 

Prof.  Heer's  youthful  studies  were  directed  to  botany  and  entomology. 
His  scientific  authorship  commenced  in  1836  ;  and  the  early  bent  of  his 
mind  towards  the  higher  problems  of  natural  science  is  evinced  by  one  of 
his  very  first  memoirs,  being  *  Sur  la  Geographie  Botanique  de  la  Suisse,' 
published  in  1837.  His  earliest  work  on  fossil  plants  was  upon  those  of 
the  Bhone  valley,  published  in  1846,  since  which  period  he  has  been  un- 
interruptedly and  indefatigably  engaged  on  the  comparative  study  of 
recent  and  fossil  plants  and  insects— describing  and  illustrating  them  with 
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a  completeness  and  exactikide  that  have  been  th(m>iig1il7  appiedated  bj 
geologists  and  botanists,  and  appending  to  the  systematic  descriptionB  of 
them  geological  and  climatic  considerations,  remarkable  alike  for  their 
caution  and  significance.  Amongst  his  numerous  works  his  ^!Elora 
fossilis  Helvetiffi/  'Flora  Tertiaria  Helyeti»,'  and  'Flora  fosnlis 
Arctica'  are  conspicuous  examples  of  well-Hiirected  labour  and  great 
learning ;  while  the  number  of  his  minor  works  on  various  brandies  of 
biology  testify  to  a  life  spent  in  successful  devotion  to  science. 

During  Prof.  Heer's  long  and  laborious  career  he  has  been  conspicnous 
for  the  liberal  aid  he  has  given  to  other  investigators,  and  for  the  disin- 
terested spirit  in  which  he  has  w(N*ked  out  the  collections  brought  by  the 
government  and  private  expeditions  of  various  European  naticms  fnmi  the 
northern  and  arctic  regions.  In  particular,  we  are  beholden  to  him  for 
the  labour  he  has  bestowed  upon  our  own  Arctic  collections,  made  during 
the  last  fifteen  years,  from  that  of  Belcher  to  that  of  Nares,  and  especially 
for  his  elaborate  and  exhaustive  memoir  on  the  Miocene  flora  of  Bovey 
Tracey,  published  in  the  *  Philosophical  Transactions,' — ^kbours  all  thd 
more  praiseworthy  &om  being,  for  some  years  past,  pursued  in  a  recum- 
bent posture,  to  which  grievous  bodily  ill-health  has  confined  hinu 

The  Medal  was  received  for  Prof.  Heer  by  M.  Henri  Vemet,  Consul- 
General  for  Switzerland,  to  whom  the  President  acknowledged  the 
Society's  obb'gations  to  Prof.  Heer  for  his  elucidations  of  the  Greology  of 
England  and  of  the  Flora  of  the  Bovey-Tracey  Coalfield,  published  in  the 
Philosophical  Transactions ;  and  on  behalf  of  the  Society  expressed  his 
hope  that  Prof.  Heer  might  soon  be  restored  to  health. 

For  the  Davy  Medal,  now  for  the  first  time  awarded,  Prof.  Bobert 
"Wilhelm  Bunsen  and  Gustav  Eobert  Kirchhoff,  both  Foreign  Members 
of  the  Society,  in  recognition  of  their  researches  and  discoveries  in  spec- 
trum-analysis, have  been  selected. 

The  method  of  spectrum-analysis,  as  established  by  these  two  emi- 
nent men,  must  rank  among  the  most  important  extensions  of  our  means 
of  investigating  the  properties  of  matter.  Before  that  discovery,  the 
chemical  constitution  of  matter  was  examined  solely  by  the  study  of  the 
changes  which  take  place  within  the  narrow  range  of  cases  of  which  we 
can  grasp  and  weigh  the  substance  under  investigation ;  but  the  tests 
employed  in  spectrum-analysis  have  no  necessary  dependence  upon  the 
distance  of  the  material  from  the  observer.  It  has  enabled  us  to  see,  not 
only  further,  but  deeper ;  for,  on  the  one  hand,  it  has  led  to  the  detection 
of  many  of  the  chemical  constituents  of  masses  distant  from  our  planet, 
and,  on  the  othel*  hand,  it  has  enabled  us  to  discover  many  constituents  of 
terrestrial  minerals  which  had  escaped  detection  until  our  ordinary 
methods  of  analysis  were  guided  by  the  more  refined  tests  afforded  by 
the  spectrum-analysis. 
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The  Statutes  relating  to  the  election  of  Council  and  Officers  were  then 
read,  and  Dr.  Allman  and  Mr.  Dunkin  having  been,  with  the  consent  of 
the  Society,  nominated  Scrutators,  the  yotes  of  the  Fellows  present  were 
collected,  and  the  following  were  declared  duly  elected  as  Council  and 
Officers  for  the  ensuing  year : — 

President. — Sir  Joseph  Dalton  Hooker,  C.B.,  M.D.,  D.C.L.,  LL.D. 
Treasurer. — ^William  Spottiswoode,  M.A.,  LL.D. 

Secretaries -f  ^^^^^^^  George  Qtibriel  Stokes,  M. A.,  D.C.L.,  LL.D. 

1  Professor  Thomas  Henry  Huxley,  LL.D. 

Foreign  Secretary. — Professor  Aleximder  William  Williamson^  Ph.D. 

Other  Members  of  the  Counca.— Frederick  A.  Abel,  C.B.,  V.P.C.S. ; 
William  Bowman,  F.E.C.S. ;  Frederick  J.  Bramwell,  M  J.C.E. ;  William 
B.  Carpenter,  C.B.,  M.D.,  D.C.L. ;  William  Camithers,  F.L.S. ;  William 
Crookes,  V.P.C.S. ;  Prof.  P.  Martin  Duncan,  M.B.,  P.G.S. ;  WiUiam 
Farr,  M J).,  D.C.L. ;  Prof.  William  H.  Flower,  F JI.C.S. ;  Prof.  G.  Carey 
Foster,  B.A.,  F.C.S. ;  John  Eussell  Hind,  F JI.A.S. ;  Lord  Bayleigh, 
M.A. ;  Yioe-Admiral  Sir  G.  H.  Bichards,  C.B. ;  Prof.  Henry  J.  Stephen 
Smith,  M.A. ;  Prof.  Balfour  Stewart,  M.A.,  LL.D. ;  Prof.  Allen  Thom- 
son, M.D.,  F.B.S  j;. 

The  thanks  of  the  Society  were  given  to  the  ScrutatOTs. 

The  following  Table  shows  the  progress  and  present  state  of  the  Society 
with  respect  to  the  number  of  Fellows : — 


Patron 

and 
BoyaL 

Foreign. 

Com- 
pounders. 

^£4 

yearly. 

Total. 

November  30, 1876. 
Elected  

4 

46 
-     3 

253 
+     8 
-  12 
+     3 

258 
+     9 

-  11 

-  3 

561 
+  17 
-  26 

Deceased    

Since  compounded . . 

November  30, 1877. 

4 

43 

252 

253 

552 
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Account  of  Grants  from  the  Donation  Fund  in  1876-77. 

W.  Huggins,  for  a  new  Clock  for  the  Society's  Telescope . .  £50  0 
W.  Huggins,  for  Apparatus  for  carrying  on  Spectroscopic 

Eesearches  with  the  Society's  Telescope 100    0 

Dr.  Gowers,  for  Apparatus  for  continuation  of  Besearches 

on  the  Action  of  the  Sphincter  Ani 20     0 

W.  E.  Birt,  for  portable  Stand  for  a  Telescope  belonging  to 

the  Society 10    3 

Eev.  Dr.  Bobinson,  for  continuation  of  Experiments  on  the 

Theory  of  the  Cup  Anemometer 80    0 


^260    3 


Account  of  the  appropriation  of  the  sum  of  £1000  (the  Govern- 
ment Grant)  annually  voted  by  Parliament  to  the  Royal 
Society,  to  be  employed  in  aiding  the  advancement  of  Science 
(continued  from  Vol.  XXV.  p.  869). 

1877. 

1.  Prof.  W.  C.  Williamson,  for  continuation  of  his  Investiga- 
tions into  the  Organization  of  the  Fossil  Plants  of  the  Coal- 
measures    ;£50 

2.  J.  N.  Lockyer,  for  continuation  of  Spectroscopic  Eesearches .    200 

3.  Prof.  B.  Stewart,  for  an  Analysis  of  the  Kew  Magnetical  and 
Meteorological  Eecords    100 

4.  G.  J.  Bomanes,  for  continuing  his  Investigation  on  the  Nervous 
System  of  the  Medusas 50 

5.  Dr.  H.  C.  Bastian,  for  continuing  his  Eesearches  into  tbe 
conditions  which  favour  or  retard  Fermentation  in  boiled  and 
guarded  fluids    25 

6.  Prof.  G.  F.  Teo,  for  an  Investigation  into  the  connexion 
between  Latent  Excitation  and  Contraction  in  Muscles    30 

7.  Prof,  Eupert  Jones,  for  preparing  Drawings  of  Fossil  Ento- 
mostraca     25 

8.  Prof.  Maxwell  Simpson,  for  a  Eesearch  on  the  Synthesis  of 
Organic  Compounds 100 

9.  T.  Camelly,  for  a  Eesearch  on  High  Melting-points    60 

10.  Dr.  J.  R  Eeynolds,  for  an  Investigation  of  Alcohols  from 
Flint  50 

Carried  forward ^690 

VOL.  XXVI.  2  K 
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Brought  forward X690 

11.  Dr.  W.  A.  Tilden,  for  continuing  his  Besearches  into  the 
constitution  of  the  Terpenes  and  their  Nitroso-substitution  Com- 
pounds           30 

12.  Dr.  Stenhouse,  for  continuing  his  Besearches  on  Organic 
Chemistry 100 

13.  Profs.  Boscoe  and  Stewart,  for  carrying  out  an  extended 
Map  of  the  Solar  Spectrum,  in  conjunction  with  Mr.  Lockyer. . . .     100 

14.  Prof.  J.  Dewar,  for  continuing  his  Besearches  on  the  Picoline 

and  Chinoline  Bases 100 

15.  Prof.  G.  D.  Liyeing,  for  continuing  a  Besearch  on  the  Occur- 
rence and  Causes  of  Multiple  Spectra  of  Elementary  Bodies    ....       50 

£1010 


Dr. 

£     «.   d. 
To  Balance  on  hand,  Not.  30, 

1876  1016    0  10 

Grant  from  Treaauiy,  1877 1000    0    0 

Bepajments. 
Prof.  Oayley,  balance,  £2i  18  10 
Mr.Soott,  „  16    4    0 

Fro£  Stewart,      „         32  11    4 

73  14    2 

Interest 3    6    0 

2093    1    0 


Or. 
£     9.  d. 
By  AppropriationB,  aa 

aboTe 1070    0    0 

Printing,  Postage,  and 

Advertising    7    7    6 

Balance  on  hand.  Not. 
30,1877 1016  13    6 


20U3    1    0 


Account  of  appropriations  from  the  Government  Fund  of  £4000 
made  by  the  Lords  of  the  Committee  of  Council  on  Education^ 
on  the  recommendation  of  the  Council  of  the  Royal  Society. 

1877. 

J.  Kerr,  for  aid  in  Electro-Optic  and  Magneto-Optic  He- 
searches  X200 

J.  E.  H.  Gordon,  for  Experimental  Measurements  of  the  Specific 
Inductire  Capacity  of  Dielectrics 50 

Prof.  Guthrie,  for  Apparatus  and  Assistance  in  (1)  the  Deter- 
mination of  the  Latent  Heats  of  the  Cryohydrates,and  the  Vapour 

Carried  forward £260 
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Brought  forward £2b0 

Tensions  of  Ck>lloids ;  and  (2)  the  Examination  of  Heat  Spectra  and 
Eadiant  Heat  bj  means  of  varying  Electrical  Besistance  in  Thin 
Wires 150 

J.  T.  Bottomley,  to  aid  in  carrying  out  a  series  of  Experiments 
for  determining  the  Conductivity  for  Heat  of  various  Liquids  and 
Solutions  of  Salts 100 

Sir  William  Thomson,  for  Assistance  and  Materials  for  a  con- 
tinuation of  Experiments  on  the  Effects  of  Stress  in  Magnetism . .     100 

J.  A.  Broun,  for  payment  of  Computers  and  other  Expenses 
attending  correction  of  the  Errors  in  the  published  Observations  of 
the  Colonial  Magnetic  Observatories  150 

W.  Crookes,  for  assistance  in  continuing  his  Besearches  connected 
with  "  Eepulsion  resulting  from  Badiation  " 300 

Prof.  Biicker  and  Prof.  Thorpe,  for  a  Comparison  of  the  Air  and 
Mercurial  Thermometers 50 

P.  D.  Brown,  for  an  Investigation  of  the  Physical  Properties,  the 
Specific  Gravity,  Expansion  by  Heat  and  Vapour  Tension,  of  the 
Homologous  and  Isomeric  Liquids  of  the  C„Hj^i  Series 100 

Prof.  Boscoe,  for  continuation  and  extension  of  the  Experiments 
on  the  Self-r^stering  Method  of  measuring  the  Chemical  Action 
of  Light 100 

Sir  William  Thomson,  for  Investigation  and  Analysis  of  Tidal 
Observations  and  Periodic  Changes  of  Sea-level 200 

Dr.  Joule,  for  Experimental  Investigations  into  the  Mechanical 
Equivalent  of  Heat  200 

Dr.  I.  B.  Balfour,  for  the  expense  of  Illustrations  for  a  '  Mono- 
graph of  the  Pandanacesd,'  which  he  is  now  working  out 50 

Prof.  Parker,  for  assistance  in  Besearches  on  the  Morphology  of 
the  Vertebrate  Skeleton  and  the  Belations  of  the  Nervous  to  the 
Skeletal  Structure,  chiefly  in  the  Head   300 

Bev.  W.  H.  Dallinger,  for  Microscopic  Investigations  of  Monads, 
Bacteria,  and  other  low  forms  of  Life 100 

H.  T.  Stainton,  for  aid  in  publishing  the  '  Zoological  Becord '  . .     100 

Prof.  M'Kendrick,  for  Apparatus  for  a  Besearch  into  the  Bespira- 
tion  of  Pishes    75 

Prof.  Gamgee,  for  a  more  complete  Survey  than  has  yet  been 
made  of  the  Physiological  Action  of  the  Chemical  Elements  and 
their  more  simple  Compounds,  with  the  object,  in  the  first  instance, 
of  establishing  a  Physiological  Gassification  of  the  Elementary 
Bodies    50 

Bev.  J.  P.  Blake,  for  aid  in  compiling  and  publishing  a  ^  Synopsis 
of  the  British  Fossil  Cephalopoda' 100 

Carried  forward £2475 
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Brought  forward £2475 

Prof.  A.  H.  Gturrody  for  aid  in  preparing  for  publication  an 
exhaustive  Treatise  on  the  Anatomy  of  Birds 100 

Dr.  Brunton,  for  Besearches  into  the  Physiological  Action  of  the 
most  important  compounds  of  Nitrogen,  and  into  the  Action  of  cer- 
tain Poisons,  and  for  Apparatus 80 

Dr.  Murie  (per  Zoological  Society),  for  aid  in  completing  and 
publishing  Three  Memoirs : — Anatomy  of  the  Kingfishers,  4to,  with 
5  plates ;  On  Extinct  Sirenia,  4to,  with  6  plates ;  Osteology  of  the 
Birds  of  Paradise,  fol.,  3  plates   150 

£.  A.  Schafer,  to  pay  the  wages  of  an  Assistant  to  give  mechani- 
cal aid  in  Histological  and  Embryological  Besearch  50 

H.  Woodward,  for  continuation  of  work  on  the  Fossil  Crustacea, 
especially  with  refer^ice  to  the  TVilobita  and  other  extinct  Forms, 
and  their  publication  in  the  Volumes  of  the  PalaDontographical 
Society   ; 100 

Dr.  Burdon  Sanderson,  for  an  Investigation  of  the  Normal  Bela- 
tion  between  the  activity  of  the  Heat-producing  Processes  and  the 
Temperature  of  the  Body 70 

Prof.  Schorlemmer,  for  continuation  of  Besearches  into  (1)  the 
Normal  Paraffins,  (2)  Suberone,  (3)  Aurin 300 

Dr.  Armstrong,  ior  continuation  of  Besearches  into  the  Phenol 
Series,  and  into  the  effect  of  Nitric  Acid  on  Metals 300 

Profs.  King  and  Bowney,  for  Besearches  to  determine  the  Struc- 
tural, Chemical,  and  Mineralogical  Characters  of  a  certain  Group  of 
Crystalline  Bocks  represented  by  Ophite    » 60 

W.  J.  Harrison,  towards  the  expense  of  Collecting  and  Describ- 
ing Specimens  of  the  Bocks  of  Chamwood  Forest 50 

W.  N.  Hartley,  for  Besearches  into  the  Photographic  Spectra  of 
Organic  Substances — ^into  the  Phosphates  of  Cerium — ^the  condi- 
tions under  which  liquid  Carbonic  Acid  is  found  in  Bocks  and 
Minerals — the  Double  Salts  of  Cobalt  and  Nickel,  and  for  other 
Investigations,  and  for  Assistance  100 

Dr.  Biu'ghardt,  for  a  Besearch  into  the  Origin  of  the  Ores  of 
Copper  and  (if  possible)  of  Lead,  their  mode  of  Formation,  and  the 
Chemical  Connexion  (if  any)  between  the  Ore  and  its  Matrix  ....       50 

Prof.  Church,  for  a  Besearch  into  the  Colouring-matters  of 
Colein,  of  Bed  Beet,  and  for  the  Study  of  Plant  Chemistry 50 

i:3935 
Printing,  Advertising,  Books,  and  Working-charges,  £95  1».  6d. 
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Beport  of  the  Kew  Committee  for  the  Year  ending 
October  31, 1877. 


The  Committee  would  commence  their  Beport  with  the  expression  of 
their  heartfelt  regret  at  the  decease  of  Mr.  J.  P.  G-assiot,  who  had  been, 
since  1851,  among  the  most  active  Members  of  the  successive  Kew  Com- 
mittees, first  of  the  British  Association,  and  latterly  of  the  Bojal  Society. 
Mr.  Gkhssiot  had  not  only  devoted  freely  to  the  management  of  Kew  Obser- 
vatory a  large  portion  of  his  valuable  time,  but  also  had,  in  1871,  most 
munificently  endowed  the  establishment  with  the  sum  of  ;£  10,000  Italian 
Irrigation  Stock,  for  the  purpose  of  maintaining  in  a  state  of  thorough 
efficiency  the  self-recording  observations  in  terrestrial  magnetism  and  in 
meteorology. 

CommUUe. — ^The  Committee  is  constituted  as  follows  : — 

General  Sir  E.  Sabine,  E1.C.B.,  Chairman, 


Mr.  De  La  Bae,  Vtc^-Chairman, 

Capt.  Evans. 

Mr.  F.  Galton. 

Vice-Adm.  Sir  Q-.  H.  Bichards. 

The  Earl  of  Bosse. 


Mr.  B.  H.  Scott. 
Lieut.-Gteneral  W.  J.  Smythe. 
Lieut.-General  Strachey. 
Mr.  E.  Walker. 


Mr.  B.  H.  Scott,  at  his  own  request,  has  been  for  the  future  relieved 
of  the  duties  of  Hon.*  Secretary,  which  he  has  performed  ever  since  the 
Observatory  came  under  the  management  of  the  Boyal  Society,  and  the 
duties  of  that  post  will  be  in  future  discharged  by  the  Superintendent. 

Magnetic  Work, — The  Magnetographs  have  been  in  constant  operation 
thit)ughout  the  year.  The  declination  instrument  was  slightly  deranged 
for  a  short  period  by  the  presence  of  some  extremely  minute  organic  fibres 
between  the  mirrors.  In  accordance  with  the  usual  practice,  determina- 
tions of  the  scale-values  of  all  the  instruments  were  made  in  the  first  week 
of  the  new  year. 

The  inconvenience  occasionally  experienced  by  the  dropping,  on  to  the 
Magnetographs,  of  water  condensed  in  the  smoke-tubes  over  the  gas- 
burners  has  been  obviated  by  the  attachment  of  suitable  catch-bottles. 
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The  monthly  obserrations  with  the  absolate  instrnments  h&ye  been 
continued  as  usual  by  Mr.  Figg,  and  the  results  are  given  in  the  Tables 
appended  to  this  Beport.  A  re-determination  of  the  moment  of  inertia  of 
the  magnet  KG  1  was  made  in  October ;  the  value  accorded  with  the  pre- 
viously found  amount. 

A  paper  "  On  the  Temperature-correction  and  Induction- coefficients  of 
Magnets/'  as  determined  in  the  results  of  various  experiments  at  the 
Observatory,  was  read  before  the  Eoyal  Society,  and  printed  in  vol.  xxvL 
of  the  *  Proceedings.' 

Sir  Edward  Sabine  having  brought  the  discussion  of  the  Magnetical 
Observations  carried  on  under  his  superintendence  to  a  dose  in  a  final 
"  Contribution,"  presented  to  the  Eoyal  Society  (No.  XV.,  Phil.  Trans, 
vol.  167),  represented  to  the  War  Office  that  he  was  able  to  dispense 
with  the  further  services  of  the  two  Sergeants  of  the  Boyal  Artillery  who 
had  acted  as  his  clerks.  These  men  were  in  consequence  withdrawn  on 
the  31st  of  March. 

The  documents  deposited  in  Sir  E.  Sabine's  late  office  have  been  pre- 
sented by  the  "War  Office"  to  the  "  Boyal  Society,"  and,  in  conformity 
with  instructions  received  from  the  Council,  will  be  retained  in  the  cus- 
tody of  the  Observatory.  A  detailed  list  of  these  documents  and  papers 
is  now  in  course  of  preparation. 

The  tabulation  of  the  magnetic  curves,  which  was  suspended  at  the 
time  of  writing  the  last  Beport,  has  been  resumed,  and  Tables  of  the 
Declination  have  been  completed  as  far  as  December  Slst,  1876, 

At  the  request  of  Prof.  Balfour  Stewart,  the  range  of  the  declination- 
needle  has  been  determined  for  every  day  during  the  years  1858-73 
inclusive.  The  results  have  been  discussed  by  him  in  a  paper  read  before 
the  Boyal  Society,  March  22,  1877,  entitled,  "On  the  Variations  of 
the  Daily  Bange  of  the  Magnetic  Declination  as  recorded  at  the  Kew 
Observatory,"  Proc.  Boy.  Soc.  vol.  xxvi. 

In  addition,  magnetic  data  have  biBen  supplied  to  Dr.  Atkinson,  Prof. 
M*Leod,  the  Hydrographic  Department,  Messrs.  Gee,  Grove,  and 
Groenman. 

The  officers  attached  to  the  late  Arctic  Expedition  have  visited  the 
Observatory,  and  made  several  sets  of  observations  with  the  instruments 
employed  by  them  on  their  voyage,  Kew  being  the  base  station  to  which 
all  their  observations  are  referred. 

The  Committee  have  received,  with  great  satisfaction,  a  communication 
from  Mr.  B.  Ellery,  F.B.S.,  of  the  Melbourne  Observatory,  in  which  he 
states  that,  in  deference  to  the  opinions  elicited  by  the  circular  of  the 
Kew  Committee  from  the  chief  authorities  on  terrestrial  magnetism,  as 
explained  in  last  Beport,  the  Government  of  Victoria  has  furnished  funds 
for  the  erection  of  a  new  Magnetic  Observatory  at  Melbourne. 

Meteorological  Work, — The  several  self-recording  instruments  for  the 
continuous  registration  respectively  of  pressure,  temperature,  humidity, 
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wind  (direction  and  velocity),  and  rain  haye  been  maintained  in  regular 
operation  under  the  care  of  Mr.  T.  W.  Baker,  assisted  by  T.  Gunter. 
The  daily  standard  eye-observations  for  the  control  of  the  automatic 
records  have  been  made  regularly,  as  well  as  daily  observations  in  con- 
nexion with  the  Washington  synchronous  system. 

The  Observatories  of  the  Meteorological  Council  at  Aberdeen,  Armagh, 
Falmouth,  Glasgow,  Stonyhurst,  and  Valencia  have  been  visited  by  Mr. 
Whipple,  and  their  instruments  inspected. 

The  examination  and  checking  of  the  work  of  the  self-recording  Obser- 
vatories of  the  Meteorological  Committee  was  discontinued  in  November 
1876,  and  the  scales  and  appliances  used  in  the  work  returned  to  the 
Meteorological  Office.  Mr.  Aldridge,  an  assistant  engaged  in  the  work, 
accepted  an  appointment  from  the  Meteorological  Committee.  Mr.  Har- 
rison is  employed  at  Kew,  subject  to  the  condition  that  he  may  be  at  any 
tame  sent  to  any  of  the  Observatories  to  relieve  the  officer  in  charge  in 
case  of  illness  or  other  cause,  if  required  by  the  Meteorological  Council 
to  do  so.  The  tabulation  of  the  Kew  meteorological  traces  is  performed 
by  Mr.  Hawkesworth. 

This  change  of  arrangements  has  involved  a  considerable  reduction  in 
the  amount  allowed  by  the  Meteorological  Office  to  Kew,  as  its  central 
Observatory.    This  sum  is  now  ;£150,  instead  of  £400,  as  heretofore. 

Electrograph. — ^The  cause  of  derangement  of  this  instrument  having 
been  apparently  removed,  by  dismounting  and  thoroughly  cleaning  it,  its 
action  has  been  fairly  satisfactory  throughout  the  year. 

Considerable  difficulty  has  been  experienced  at  times  in  maintaining  the 
cistern  of  the  water-dropping  collector  in  a  sufficiently  insulated  condi- 
tion. The  substitution  of  a  set  of  Varle/s  telegraph  insulators  for  the 
ebonite  supports  previously  used  has  been  attended  with  good  results. 
The  tabulation  of  the  curves  obtained  from  this  instrument  has  not  yet 
been  commenced. 

An  instrument  having  been  constructed  for  the  Boyal  Observatory, 
Greenwich,  similar  to  the  one  at  Kew,  certain  minor  alterations  in  the 
details  have  been  introduced  which  Mr.  Whipple's  experience  has  sug- 
gested. 

Photohdiograph. — ^The  re-examination  of  the  measurements  of  the 
Kew  sun-pictures,  as  noticed  in  former  Eeports,  has  been  steadily  carried 
on  throughout  the  year  by  Mr.  Whipple,  assisted  by  Mr.  McLaughlin, 
who  has  been  temporarily  engaged  for  this  purpose. 

The  rate  of  progress  has  been  somewhat  slow  during  the  past  year, 
owing  to  the  enormous  number  of  spots  visible  on  the  sun's  surface  during 
the  (maximum)  year  (1870)  now  under  discussion.  On  several  days, 
recently  measured,  more  than  150  spots  have  had  their  positions  deter- 
mined. Mr.  Marth  is  still  engaged  on  the  reduction  to  heliocentric 
elements. 
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All  of  these  operations  hare  been  oondacted  at  the  expense  of  Mr.  De 
La  Bae. 

The  eye-observations  of  the  sun,  after  the  method  of  Hofrath  Schwabe, 
have  been  made  daily  by  Mr.  Harrison,  when  possible,  as  described  in 
the  Eeport  for  1872,  in  order,  for  the  present,  to  maintain  the  continuity 
of  the  Kew  record  of  sun-spots. 

Extra  Observations, — The  Solar-radiation  Thermometers  are  still  ob- 
served daily. 

The  Campbell  Sundial,  described  in  the  1875  Beport,  continues  in 
action,  and  the  improved  form  of  the  instrument,  giving  a  separate  record 
for  every  day  of  the  duration  of  sunshine,  has  been  regularly  worked 
throughout  the  year  and  its  curves  tabulated. 

Wind  Component  Integrator, — The  Wind  Component  Integrator,  an 
instrument  which  automatically  resolves  the  velocity  of  the  wind  into  its 
rectangular  components,  which  was  exhibited  by  Prof,  von  Oettingen,  of 
Dorpat,  at  the  recent  Loan  Exhibition,  having  been  lent  by  the  Guarantors 
of  that  Exhibition  to  the  Meteorological  Council,  has  been  erected  in  the 
sun-room  of  the  Observatory  at  their  expense.  The  instrument  has  been 
temporarily  attached  to  the  existing  anemograph,  and  its  gearing  so  modi^ 
fied  as  to  enable  it  to  print  from  type-wheels  on  a  strip  of  paper  the 
number  of  miles  of  wind  passing  over  the  building  from  the  north,  east, 
south,  and  west  during  every  half-hour*. 

At  the  request  of  the  Editor  of  the  *  Times,'  a  copy  of  the  traces  of 
the  self-recording  instruments  on  a  reduced  scale,  together  with  an 
epitome  of  the  general  features  of  the  weather,  is  now  prepared.  This 
is  published  every  week  in  that  journal,  the  cost  to  the  Observatory  being 
defrayed  by  the  proprietors. 

Verificaiions. — This  branch  of  the  work  of  the  Observatory  has  been 
carried  on  with  considerable  success  as  usual.  The  following  magnetic 
instruments  have  been  verified : — 

A  set  of  Magnetographs  for  the  Batavia  Observatory. 

„  „  „  Potsdam  Observatory. 

A  Collimator  Magnet  for  Dr.  van  der  Stok. 
A  Dip-circle,  with  extra  needles,  for  Vice-Admiral  Sir  Charles 

Shad  well. 
Two  Azimuth  Compasses  for  Mr.  Prewen. 

There  have  also  been  purchased  on  commission  and  verified : — ^a  Unifilar 
for  Dr.  Da  Sonza,  Coimbra ;  a  Collimator  magnet  for  Mr.  Kingston,  To- 
ronto ;  a  Dip-circle  for  Prof.  Weihrauch,  Dorpat ;  a  Dip-circle  for  Prof. 
Houzeau,  Brussels  Observatory ;  and  two  Dip-needles  for  Prof.  Smimow, 
Kazan.    There  are  also  now  undergoing  verification  a  set  of  Magneto- 

*  A  complete  deBoripHon  of  this  instrument,  iUustreted  in  detail,  is  to  be  found  in 
Uie  'Bepertorium  fup  Meteorologie/  vol  y.  No.  10,  St  Petersburg,  1877, 
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graphs  for  the  Brussels  Observatory,  and  a  TJnifilar  and  Dip-circle  for  the 
Marine  Observatory,  San  Fernando,  Spain. 

The  following  meteorological  instruments  have  been  verified,  this  por- 
tion of  the  work  being  entrusted  to  Mr.  T.  W.  Baker,  assisted  by  Messrs. 
Poster,  Constable,  and  Gunter : — 

Barometers,  Standard    71 

„  Marine  and  Station 113 

184 

Aneroids     25 

Thermometers,  ordinary  Meteorological      ....  1428 

„            Boiling-point  Standards 57 

„            Mountain 22 

„            Clinical 2281 

„            Solar  radiation 75 

3863 

In  addition,  102  Thermometers  have  been  tested  at  the  melting-point 
of  mercury.  12  Standard  Thermometers  have  been  calibrated  and  divided 
at  Kew. 

The  following  is  the  list  of  miscellaneous  instruments  which  have 
been  verified : — 

Hydrometers 249 

Eain-gauges    11 

Dial  Anemometers  (Eobinson's)  5 

In  addition  to  those  for  the  Admiralty,  the  Meteorological  Council, 
and  the  opticians,  a  number  of  instruments  of  various  kinds  have  been 
verified  for  the  Standards  Department  and  the  Ordnance  Department, 
Woolwich. 

The  total  increase  in  the  number  of  instruments  verified  over  last  year 
has  been  680,  and  in  fees  earned  .£25  11«.  2d, 

There  are  now  at  the  Observatory  undergoing  verification  56  Ther- 
mometers, 1  Hydrometer,  and  35  Barometers. 

London  Office  for  receipt  of  instruments  for  verification, — ^Arrangements 
have  been  made  with  Mr.  Strachan,  of  the  Meteorological  Office,  who 
now  receives  instruments  for  verification  at  Kew,  at  116  Victoria  Street, 
"Westminster,  and  takes  charge  of  them  on  their  return, 

Mr.  G-alton's  apparatus  for  testing  Thermometers  has  continued  to 
work  satis&ctorily ;  and  a  paper  containing  a  description  of  the  instru- 
ment, with  an  illustration,  has  been  published  in  vol.  xxvi.  of  the  '  Pro- 
ceedings of  the  Boyal  Society.' 
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The  new  Cathetometer  has  received  some  slight  additions  tending  to  im- 
prove its  usefahiess. 

One  Theodolite,  three  Sextants,  and  a  Clinometer  have  been  veri- 
fied. 

Experiments  have  been  made  with  the  new  Deep-sea  Sounding  Ther- 
mometer, invented  bj  Messrs.  Negretti  and  Zambra ;  and  the  Committee 
have  under  consideration  the  construction  of  an  apparatus  for  the  pur- 
pose of  verifying  this  class  of  instrument  under  varying  hydraulic 
pressure. 

A  system  has  also  been  organized  for  etching  a  ^'  Hall-mark," 
as  in  the  annexed  figure,  upon  all  Thermometers  which  have 
been  verified.     A  pantagraph  has  been  purchased  for  the 
purpose  of  engraving  this  mark  and  a  register  number  upon  the  instru- 
ments. 

The  old  "  Boyal  Society  "  Standard  Barometer,  constructed  by  Newman 
in  1837,  under  the  direction  of  Mr.  Baily,  which  has  been  in  a  defective 
condition  since  its  removal  from  the  Society's  Booms  in  Somerset  House 
in  1857,  having  been  lent  to  the  Kew  Committee  by  the  Council  of  the 
Boyal  Society  for  one  year,  has  been  thoroughly  repaired  and  both  its 
tubes  refilled,  and  is  now  erected  at  the  Observatory,  with  a  view  of 
making  a  lengthened  series  of  comparisons  with  the  two  normal  Baro- 
meters of  the  establishment. 

Comparison  of  Standard  Barometers. — The  Astronomer  Boyal  having 
courteously  offered  the  Committee  every  facility  for  a  suggested  compari- 
son between  the  Greenwich  and  Kew  Standard  Barometers  during  April 
and  May  last,  a  number  of  carefully  selected  Portable  Standard  But)- 
meters  were  conveyed  to  and  fro  between  Greenwich  and  Kew  on  three 
separate  occasions,  and  a  large  number  of  comparative  readings  were 
obtained  by  the  Superintendent  and  Messrs.  Baker  and  Foster. 

A  complete  detailed  account  of  the  experiment  has  been  drawn  up,  and 
will  be  laid  before  the  Eoyal  Society. 

A  determination  has  been  made  of  the  daily  range  of  the  Thermometer 
at  Kew  for  the  past  twenty-one  years,  viz.  1855-75,  inclusive.  The 
results  have  been  discussed  by  Prof.  Balfour  Stewart,  and  embodied  by 
him  in  a  paper  "  On  the  Variations  of  the  Daily  Eange  of  Atmospheric 
Temperature  as  recorded  at  the  Kew  Observatory,"  Proc.  Boy.  Soc. 
vol.  XXV.  No.  178. 

Meteorological  data  have  been  supplied,  among  others,  to  Mr.  Q.  J. 
Symons,  the  Secretary  of  the  Northern  Institute  of  Mining  Engineers, 
the  Secretary  of  the  Midland  Institute,  and  the  Editors  of  *  The  Times ' 
and  *  Illustrated  London  News.' 

Pendulum  Experiments. — The  apparatus  specified  in  the  Beport  for 
1875,  as  granted  by  the  Committee  to  the  Hydrographer  for  the  service 
of  the  Arctic  Expedition,  was  returned  to  the  Observatory  shortly  after 
the  arrival  home  of  the  vessels ;  but  no  observations  having  been  made 
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with  the  pendulum  apparatus,  it  was  not  re-erected  at  Kew,  nor  base 
operations  repeated. 

Instruction  given. — One  assistant  from  the  Standards  Department 
leoeived  instruction  in  tbe  manipulation  of  thermometers,  and  Dr.  Taaffe 
in  the  use  of  meteorological  instruments. 

Waxed  Paper  supplied. — ^Waxed  paper  has  been  supplied  to  the  fol- 
lowing Observatories : — 


Armagh, 
Batayia, 
Bombay, 
Lisbon, 
and  the  Meteorological  Office. 


Mauritius, 
San  Fernando, 
Stonyhurst, 
St.  Petersburg, 


A  supply  of  chemical  and  photographic  material  has  also  been  procured 
for  the  Mauritius  Observatory. 

Loan  Exhibition, — The  old  instruments  lent  to  the  Science  and  Art 
Department,  enumerated  in  last  year's  Eeport,  remain  for  the  present 
deposited  in  the  galleries  at  South  Kensington. 

A  "  Diplome  d'honneur  "  has  been  presented  to  the  Committee  by  the 
Sod^t^  Eran^ise  de  Photographie  for  the  curves  exhibited  at  their  recent 
exhibition  of  objects  illustrating  the  adaptation  of  photography  to  scien- 
tific purposes. 

Workshop, — The  several  pieces  of  Mechanical  Apparatus,  such  as  the 
Whitworth  Lathe  and  the  Planing  Machine,  procured  by  Grants  from 
either  the  Government-Grant  Fund  or  the  Donation  Fund,  for  the  use 
of  the  Kew  Observatory,  have  been  kept  in  thorough  order ;  and  many 
of  them  are  in  constant,  and  others  in  occasional  use  at  the  Observatory; 
but  the  funds  of  the  Committee  do  not  at  present  allow  of  the  employ- 
ment of  a  Mechanical  Assistant,  although  one  is  much  needed. 

Library, — During  the  year  the  Library  has  received  as  presents  the 
publications  of 

10  English  Scientific  Societies  and  Institutions, 

40  Foreign  and  Colonial  Scientific  Societies  and  Institutions, 

and  numerous  pamphlets  from  various  individuals.  A  few  standard 
works  of  refereiice  have  been  purchased,  and  a  number  of  periodicals 
bound. 

The  Committee  have  also  purchased  the  small  Scientific  Library  belong- 
ing to  the  late  Mr.  John  Welsh,  F.E.S.,  formerly  Superintendent  of  the 
Observatory,  which  has  been  for  some  years  stored  in  the  building. 

Observatory  and  Grounds, — For  the  protection  of  the  Observatory 
against  fire,  a  portable  hand-pump  and  two  dozen  fire-buckets  have  been 
purchased,  the  latter  being  distributed  throughout  the  building. 

The  room  formerly  occupied  by  the  Sergeants  of  the  "  Magnetic  Office" 
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has  been  made  use  of  since  their  departure  by  the  assistants  engaged  in 
the  verification  of  thermometers,  Messrs.  Foster  and  Counter. 

The  floor  of  the  Computing-room  has  been  coyered  with  linoleum. 

The  exterior  of  the  Workshops  has  been  painted,  and  the  roofs  of  the 
Verification-house  and  Magnetic  Observatory  have  been  made  water- 
tight. 

A  gravelled  path  has  been  cut  across  the  lawn,  for  giving  more  con- 
venient access  to  the  Sain-gauges  and  Magnetic  house. 

Owing  to  the  giving  way  of  part  of  the  embankment  separating  the 
Biver  Thames  from  the  Old  Deer  Park,  on  the  morning  of  January  2nd, 
the  basement  of  the  Observatory  was  again  flooded,  the  water  rising  to  an 
extent  higher  than  has  been  previously  experienced,  covering  the  floors  o£ 
the  Magnetograph-,  Photographic-,  and  Pendulum-rooms  to  a  depth  of 
three  or  four  inches.  By  laying  down  planked  ways,  the  instruments 
were  maintained  in  action,  and  no  interruption  was  experienced  in  the 
work  of  the  Observatory.  The  water  was  withdrawn  from  the  building 
by  the  aid  of  a  fire-engine,  which,  with  a  gang  of  labourers,  was  sent  by 
the  Commissioners  of  Woods  and  Forests  for  the  purpose. 

Staff, — The  Staff  employed  at  Kew  are  as  follows: — ^Mr.  O.  M. 
Whipple,  B.Sc.,  Superintendent ;  T.  W.  Baker,  First  Assistant ;  J.  W. 
Hawkesworth,  J.  Foster,  H.  M'Laughlin,  F.  6.  Figg,  B.  W.  F.  Harrison, 
£.  G.  Constable,  T.  Qunter,  C.  Bobinson,  and  J.  Dawson. 

Mr.  £.  G-.  Aldridge,  having  accepted  an  appointment  at  the  Meteorolo- 
gical Office,  left  the  Observatory  in  December. 

Visitors. — ^The  Observatory  has  been  honoured  by  the  presence,  among 
others,  of : — 

Prof.  Mari^  Davy. 

Prof.  Mascart. 

Mens.  SaUeron. 

Prof.  H.  J.  S.  Smith,  r.E.8. 

Baron  van  der  Heerdt. 

Prof.  Zeyers. 


Prof.  W.  O.  Adams,  F.B.S. 

Sir  John  Alleyne. 

Prof.  Bogrul. 

Mons.  Egroff. 

Mr.  G.  T.  Kingston. 

Dr.  Koppen. 


The  Committee  have  received  from  Sir  Edward  Sabine  a  large  portion 
of  his  books  relating  to  Physical  Science,  as  a  donation  to  the  lobraiy 
of  the  Kew  Observatory,  and  have  sent  to  their  Chairman  an  expression 
of  their  high  appreciation  of  the  interest  which  by  this  gift  he  continues 
to  evince  in  this  institution,  over  which  he  has  presided  for  so  many 
years. 
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APPENDIX  L 


Magnetic  Observations  made  at  the  Kew  Observatory,  Lot.  bV  28'  6"  N., 
Long.  0»»  1"  15*-1  W.,for  the  year  October  1876  to  September  1877. 

The  observations  of  Deflection  and  Vibration  given  in  the  annexed 
Tables  were  all  made  with  the  Collimator  Magnet  marked  K  C  1,  and 
the  Kew  9-inch  Unifilar  Magnetometer  by  Jones,  the  property  of  the 
Magnetic  Office,  directed  by  General  Sir  E.  Sabine. 

The  Declination  observations  have  also  been  made  with  the  same 
Magnetometer,  Collimator  Magnet  N  E  being  employed  for  the  purpose. 

The  Dip  observations  were  made  with  Dip-circle  No.  33,  the  needles 
1  and  2  only  being  used ;  these  are  3J  inches  in  length. 

The  results  of  the  observations  of  Deflection  and  Vibration  give  the 
values  of  the  Horizontal  Force,  which,  being  combined  with  the  Dip 
observations,  furnish  the  Vertical  and  Total  Porces. 

These  are  expressed  in  both  English  and  metrical  scales — the  units  in 
the  first  being  one  foot,  one  second  of  mean  solar  time,  and  one  grain ; 
and  in  the  other  one  millimetre,  one  second  of  time,  and  one  milligramme, 
the  factor  for  reducing  the  English  values  to  metric  value  being  0*46108. 

By  request,  the  corresponding  values  in  C.G.S,  measure  are  also  given. 

The  value  of  log  ir^K  employed  in  the  reduction  is  1*64365  at  tem- 
perature 60°. 

The  induction-coefficient  ft  is  0*000194. 

The  correction  of  the  magnetic  power  for  temperature  ^^  to  an  adopted 
standard  temperature  of  35®  Pahr.  is 

0*0001194(<,-35)-|-0*000,000,213(<,-35)*. 

The  true  distances  between  the  centres  of  the  deflecting  and  deflected 
magnets,  when  the  former  is  placed  at  the  divisions  of  the  deflection-bar 
marked  1*0  ft.  and  1*3  ft.,  are  1*000075  ft.  and  1*300097  ft.  respectively. 

The  times  of  vibration  given  in  the  Table  are  each  derived  from  tiie 
mean  of  12  or  14  observations  of  the  time  occupied  by  the  magnet  in 
making  100  vibrations,  corrections  being  applied  for  the  torsion-force  of 
the  suspension-thread  subsequently. 

No  corrections  have  been  made  for  rate  of  chronometer  or  arc  of 
vibration,  these  being  always  very  small. 

The  value  of  the  constant  P,  employed  in  the  formula  of  reduction 
m     m'/       P\   . 

In  each  observation  of  absolute  Declination  the  instrumental  readings 
have  been  referred  to  marks  made  upon  the  stone  obelisk  erected  about 
a  quarter  of  a  mile  north  of  the  Observatory  as  a  meridian  mark,  the 
orientation  of  which,  with  respect  to  the  Magnetometer,  was  determined 
by  the  late  Mr.  Welsh,  and  has  since  been  carefully  verified. 

The  observations  have  all  been  made  and  reduced  by  Mr.  P.  Gt.  Pigg. 
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Observations  of  Deflection  for  Absolute  Measure  of  Horizontal  Force. 


Month. 


a.  M.  T. 


Distances 

of 
Centares  of 
Magnets. 


Tempe- 
rature. 


Obserred 
Deflection. 


T        ^ 

Log  J. 
Mean. 


1876. 
October 

NoTember.. 

December  .. 

1877. 
January 

February  .. 

Mardi   

April 

May  

June 

July  

August 

September.. 


d    h   m 

24  12  16pjf. 

2  28   „ 

27  12  22PJI. 

2  27  „ 

21  12    5p.if. 
2    6  „ 

25  12  41  p.if. 

2  24  „ 

23  12  25  P.M. 
2  16  „ 

27  12  28  p.m. 

2  36   „ 

25  12  27  p.m. 

2  18  ., 

28  12  33p.m. 

3  16  „ 

26  12  25  p.m. 

2  20  „ 

26  12  31 P  jc. 
2  16  „ 

28  12  26  p.m. 
2  27  „ 

26  12  23  p.m. 
222  „ 


foot 
1-0 
1-3 
1-0 
1-3 

1-0 
1-3 
1-0 
1-3 

1-0 
1-3 
10 
1-3 

1-0 
1-3 
10 
1-3 

10 
1-3 
10 
1-3 

1-0 
1-3 
1-0 
1-3 

1-0 
1-3 
10 
13 

1-0 
1-3 
1-0 
1-3 

1-0 
1-3 
1-0 
1-3 

1-0 
1-3 
1-0 
1-3 

1-0 
1-3 
1-0 
1-3 

10 
1-3 
10 
1-3 


60-2 
51-6 

61-8 
51-4 

44-6 
^•6 

60-0 
5l'6 

45-8 

is-8 

671 
69-6 

63-0 
66-8 

66-6 
67-6 

71-3 
7i-6 

69-9 
76*8 

70-3 
72-6 

68-6 
64-7 


O         I        u 

15  44  1 
7    5  57 

15  43  10 
7    6    2 

16  43  9 
7    5  26 

15  43  0 
7    627 

15  43  37 
7    6  33 

15  42  58 
7    6  17 

15  42  11 
7    6    3 

15  41  58 
7    440 

15  42  48 
7    6  13 

15  42  46 
7    5  10 

15  41  2 
7    4  27 

15  40  31 
7    4  12 

15  42  8 
7    4  67 

16  41  21 
7    446 

15  38  39 
7    329 

16  38  8 
7    3  11 

15  36  43 
7    2  10 

16  34  60 
7    1  36 

15  36  51 
7    2    1 

15  35  8 
7    1  62 

15  35  17 
7    1  62 

16  34  64 

7    1  38 

16  37  37 
7    3    0 

15  36  36 
7    2  26 


913370 


913361 


9-13321 


9-13303 


913306 


913297 


9-13323 


9-13264 


913140 


9-13141 


9-13129 


913166 
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Vibration  Observations  for  Absolute  Measure  of  Horizontal  Force. 


Month. 

G.M.T. 

Tempe- 
rature. 

Time  of 
one  Vi- 
bration. 

LogmX 
Mean. 

Value 
ofm. 

i 
1 

1876. 
October  

d    h  m 
24  11  32  A.M. 

3  10  F.M. 

48-7 
51-8 

sees. 
4-6285 

4-6276 

0-31228 

0-52843 

F. 

NoTember 

27  11  21  A.1I. 
3  15  P.M. 

49-7 
50-8 

4-6304 
4-6286 

0-31212 

0-52829 

F. 

December 

21  11  17  A.1I. 
2  44  F.M. 

434 
46-5 

4-6270 
4-6262 

0-31240 

0-52820 

.F. 

1877. 
Januai7 

25  11  58  A.M. 

3   10  F.M. 

48-4 
52-4 

4-6246 
4-6272 

0-31285 

0-52837 

F. 

February  

28  12  49  P.M. 
2  52  P.M. 

44-8 
46-4 

4-6248 
4-6247 

0-31269 

0-52829 

F. 

»»  . 

March   

27  11  41  A.1I. 
3  13  P.M. 

55-9 
58-0 

4-6291 
4*6286 

0-31260 

0-52818 

F. 
•• 

April 

25  11  49  A.M. 
2  56.P.M. 

51-3 
57-0 

4-6269 
4-6272 

0-31281 

0-52847 

F. 

MaT  

28  11  48  A.M. 
2  53  P.1I. 

65-4 
65-5 

4-6301 
4-6294 

0-31290 

0-52810 

F. 

"™^/  

June 

26  11  87  A.1I. 
2  59  P.1I. 

706 
71-3 

4-6430 
4-6390 

0-31129 

0-52643 

F. 

July  

25  11  50  A.M. 
2  53p.if. 

67-6 
70-5 

4-6407 
4-6387 

0-31139 

0-52660 

F. 

Auinist 

28  11  38  A.1I. 
3    3  p.m. 

680 
71-4 

4-6370 
4-6354 

0-31212 

0-52687 

F. 

ft 

.U.U|^VWW 

September 

26  11  38  A.M. 
3  23  P.M. 

56-7 
66-5 

4-6362 
4-6383 

0-31142 

0-52661 

F. 

n 
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Dip  Observations. 


1 

aM.T. 

1 

Dip. 

O 

1 

G.M.T. 

1 

Dip. 

1 

1876. 
Oct. 

Not. 

Dec. 

1877. 
Jan. 

Feb. 

Mftr. 

d  h  m 

25  2  58  P.M. 
2  59   „ 

26  2  50   „ 
2  50   „ 

Mean 

No. 
1 
2 

1 
2 

67  46-69 
46-87 
46-81 
46-93 

F. 

If 
»» 
»» 

F. 

ti 
»» 
»» 

F. 

tt 

F. 

II 
»» 
II 

F. 

II 
II 
II 

F. 

»» 
1* 
II 

1877. 
Apr. 

May 

June 

July 

Aug. 

Sept. 

d  h  m 
26  3    3  P.M. 

3    3., 
273    2   „ 

3    2  „ 

Mean... 

No. 

1 
2 
1 
2 

67  4^-47 
45-56 
45-44 
45-68 

F. 

II 
II 
»i 

F. 
II 
II 
»» 

F 

11 

M 
fl 

F. 

II 
1) 

II 

F 
II 
It 
II 

F. 

II 
II 
II 

67  46-82 

67  45-79 

28  2  57  P.1I. 

2  58   „ 

29  3  24   „ 

3  25   „ 

Maati 

1 
2 
1 
2 

29  3    Op.m. 

3    1   „ 
31  3    5   „ 

3    4  „ 

Tdfrnn... 

1 
2 
1 
2 

67  45-94 
46-18 
46-75 
46-25 

67  46-37 
45-75 

44-88 
44-62 

67  46-28 

67  45-40 

21  3  37p.1i. 
3  37   „ 

22  2  50   „ 
2  48   „ 

Mean 

1 
2 
1 
2 

27  2  69  p.m. 
2  59   „ 

28  2  56   „ 
256   „ 

Mean... 

1 
2 
1 
2 

67  46-87 
46-31 
46-25 
46-94 

67  45-46 
44-25 
45-76 
44-90 

67  46-59 

67  45-09 

24  3    6  p.m. 

3    9   „ 

26  2  53   „ 

•2  51    „ 

S^ean 

1 
2 
1 
2 

26  2  69  p.m. 

3    1   „ 
273    4   „ 

3    4   „ 

Mean... 

1 
2 
1 
2 

67  46-69 
45-75 
46-62 
45-56 

67  4615 

67  44-69 
43-63 
45-31 
44-40 

67  44-51 

26  3  10  p.m. 
3    6   „ 

27  2  57   „ 
2  57   .. 

A£ean 

1 
2 
1 
2 

29  2  59  p.m. 

3    0  „ 
303    0  „ 

2  59  „ 

Mean... 

1 
2 

1 
2 

67  46  50 

45-88 
4600 
4519 

67  46-28 
44-96 
46-25 
46-44 

67  45-89 

67  45-48 

28  3    2  p.m. 
3    2   „ 

29  3    8   „ 
3    8  „ 

Mean 

1 
2 

1 
2 

27  3    5pji. 
3    7., 

28  3    6   ., 
3    6,. 

Mean... 

1 
2 
1 
2 

67  45-03 
45-47 
46-25 
45-54 

67  46-53 
46-31 
44-81 
44-40 

67  45-67 

67  46-01 

TOL.  xxn. 


2l 
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Declioation  Observations 

Uncorrected. 

Corrected  for  Torsion. 

u 

Month. 

G.  M.  T. 

1 

Obeerra- 
tion. 

Monthly 
Mean. 

Observa- 
tion. 

Monthly 
Mean. 

1876. 
October 

d  h  m 

25  12  29  p.m. 

26  12  32  „ 

1§  35  29 
19  29  24 

Weet 

19  3^45 
19  28  14 

West 

F. 

27  12  39  „ 

19  30  11 

l8  Z\  41 

19  29  51 

18  30  37 

» 

x^oTombef 

28  12  31  ., 

19  26  19 

19  26  54 

F. 

29  12  28  „ 

19  26  5 

19  26  12 

19  26  5 

19  26  29 

»i 

December 

22  12  34  ,, 

19  25  10 

19  25  10 

F. 

1877. 
Januarj  

23  12  35  „ 
26  12  31  „ 

19  27  58 
19  25  9 

19  26  34 

19  28  19 
19  24  21 

19  26  44 

»» 
F. 

27  12  38  „ 

19  24  40 

19  24  54 

19  23  52 

19  24  6 

n 

February  

26  12  21  „ 

19  26  2 

19  24  42 

F. 

27  12  30  .. 

19  22  32 

19  22  32 

»» 

28  12  23  „ 

19  23  20 

19  23  58 

19  24  13 

19  23  49 

»i 

Mnrch  

28  12  26  „ 

29  12  34  H 

19  28  37 
19  27  19 

19  27  58 

19  26  28 
19  28  10 

19  27  19 

F. 

April 

26  12  35  ,, 

19  21  38 

19  24  1 

F. 

27  12  32  „ 

19  24  22 

19  23  0 

19  25  19 

19  24  40 

>f 

May  

29  12  28  „ 

19  22  40 

19  24  11 

F. 

30  12  35  „ 

19  23  27 

19  23  3 

19  24  27 

19  24  19 

>» 

June  

27  12  30  „ 

19  25  46 

19  23  53 

F. 

28  12  25  „ 

19  22  43 

19  24  14 

19  25  4 

19  24  28 

»» 

July  

26  12  26  „ 

19  23  56 

19  22  57 

-F. 

27  12  33  „ 

19  23  19 

19  23  37 

19  24  18 

19  23  37 

M 

Auguit  

30  12  29  „ 

19  20  22 

19  20  52 

F. 

W  A*d     t^V       1} 

31  12  31  „ 

19  20  23 

19  20  22 

19  19  53 

19  20  22 

» 

September 

27  12  23  „ 

19  21  41 

19  22  36 

F. 

28  12  34  „ 

19  21  25 

19  21  33 

19  21  25 

19  22  0 

H 
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Magnetic  Intensitj. 


"RnglTfli  Unitf. 

Metric  Units. 

O.Q.S.  Measure. 

Month. 

X,  or 

Hori- 
zontal 
Force. 

Y.or 
Ver- 
tical 
Force. 

Total 
Force. 

X,or 
Hori- 
zontal 
Force. 

Y,or 
Ver- 
tical 
Force. 

Total 
Force. 

X,or 
Hori- 
zontal 
Force. 

01791 

Y,or 
Ver- 
tical 
Force. 

Total 
Force. 

1876. 
October... 

3*8841 

9-6082 

10-2712 

1-7909 

4-8841 

4-7359 

0-4384 

0-4736 

November. 

3-8838 

9-5034 

10-2664 

1-7908 

4-3819 

4-7337 

0-1791 

0-4382 

0-4734 

December. 

3-8868 

9-6131 

10-2766 

1-7921 

4-386^ 

4-7384 

01792 

0-4386 

0-4738 

1877. 
January... 

3-8896 

9-6165 

10-2809 

1-7935 

4-3879 

4-7403 

01793 

0-4388 

0-4740 

February.. 

3-8887 

9-6124 

10-2766 

1-7930 

4-3860 

4-7384 

01798 

0-4386 

0-4738 

March    ... 

3-8887 

9-5098 

10-2742 

1-7930 

4-3848 

4-7373 

0-1793 

0-4885 

0-4737 

April 

3-8886 

9-5111 

10-2764 

1-7930 

4-3854 

4-7378 

0-1793 

0-4385 

0-4738 

May   

3-8921 

9-5165 

10-2818 

1-7946 

4-3879 

4-7408 

0-1795 

0-4388 

0-4741 

Jane  

3-8899 

9-5069 

10^38 

1-7936 

4-3844 

4-7371 

0-1794 

0-4384 

0-4737 

July   

3-8904 

9-5064 

10-2707 

1-7938 

4-3828 

4-7357 

01794 

0-4383 

0-4736 

Augurt  ... 

3-8941 

9-5222 

10-2877 

1-7955 

4-3906 

4-7435 

0-1795 

0-4391 

0-4743 

September 

3-8898 

9-5082 

10-2731 

1-7935 

4-3841 

4-7367 

01793 

0-4384 

04737 
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Presents  received,  November  16, 1877. 

Transactions. 

Brighton : — ^Brighton  and  Sussex  Natural  History  Society.    Annual 

Eeports  14,  16, 16.  12mo.  Brighton  1867-69^.    Annual  Eeports 

and  Abstracts  of  Proceedings  18-23.  8vo.  1871-76.    The  Moss 

Flora  of  Sussex,  by  C.  P.  Smith.  8vo.  1870.  The  Society. 

Devonshire  Association  for  the  Advancement  of  Science,  Literature, 

and  Art.     Beport  and  Transactions.   Kingsbridge,  July  1877. 

Vol.  IX.  8vo.  Plymouth  1877.  The  Association. 

Florence : — ^R.  Istituto  di  Studi  Superiori  Pratid  e  di  Perfezionamento. 

Pubblicazioni.  Sezione  di  Scienze  Fisiche  e  Naturali :  Vol.  I.  roy. 

8vo.  Firenze  1877 ;  Sezione  di  Medicina  e  Chirurgia  e  Scuola  di 

Farmada :  Vol.  I.  roy.  8vo.  1876 ;   Sezione  di  Filosofia  e  Filo- 

logia:  Vol.  L,  11.  disp.  1-6.      Accademia  Orientale.    II  Com- 

mento  Medio  di  Averroe.  fasc.  1.    Bepertorio  Sinico-Giapponese. 

fasc.  1, 2.  roy.  8vo.  1876-77.  The  Institute. 

Gteneva: — ^Llnstitut  National  Genevois.      Memoires.    Tome  XLH. 

1869-77.  4to.  Geneve  1877.  The  Institute. 

Kiel : — XJniversitat.    Schriften  aus  dem  Jahre  1876.  Band  XXII.  4to. 

Kiel  1877.  The  University. 

Liverpool : — Geological  Sodety.    Abstract  of  the  Proceedings.  Sessions 

1-17.  8vo.  1869-76.  The  Sodety. 

London : — British  Association.    Beport  of  the  Forty-sixth  Meeting, 

held  at  Glasgow  in  Sept.  1876.  8vo.  London  1877. 

The  Association. 
Linnean  Sodety.     Transactions.   Second  Series.   Zoology.   Vol.  I. 
Part  6,  6.  4to.  1877.    Journal.  Zoology.  VoLXTH.  No.  69-71 ; 
Vol.  XIV.  No.  73.    Botany.  Vol.  XVI.  No.  90-92.  8vo.  1877. 

The  Society. 

Boyal  Asiatic  Sodety.    Journal.  New  Series.  Vol.  IX.  Part  2.  8vo. 

1877.  The  Sodety. 

Boyal  United  Service  Institution.    Journal.  Appendix  to  Vol.  XX., 

Vol.  XXI.  No.  91,  92.  8vo.  1877.  The  Institution. 

Sodety  of  Antiquaries.      Archaeologia.  Vol.  XLV.   Part  1.   4to. 

1877.    Proceedings.  Second  Series.  Vol.  VH.  No.  2.  8vo.  1877. 

List  of  Fellows.  8vo.  The  Sodety. 

Zoological  Sodety.      Transactions.   Vol.  X.   Part  2.   4to.  1877. 

Proceedings  of  the  Sdentific  Meetings  for  1877.  Part  2.  8vo. 

The  Society. 

Malvern :— Naturalists'  Field  Club.      Transactions,   1863-70.    8vo. 

Worcester  1870.  Edwin  Lees,  F.L.S, 
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Transactions  (eoniinued), 
Naples : — "R.  Accademia  delle  Sciense  Fisiche  e  Matemaiache.    At±L 

Vol.  VI.  4to.  Napoli  1875.    Eendiconto.  Anno  12,  13,  14.  4to. 

1873-75.  The  Academy. 

Borne: — ^E.  Accademia  dei  Lincei.     Atti.  Serie  seconda.   Vol.  III. 

Parte  1,  2,  3.  4to.  Boma  1876;  Serie  teraa.  Transunti.  Vol.  L 

fasc.  1,  2,  7.  4to.  1877.  The  Academy. 

Society  Italiana  delle  Scienze.     Memorie.  Tomo  XIX.  Matematica ; 

Tomo  XX.  Fisica.  4to.  MocUna  1821.    Serie  seconda.  Tomo  IL 

4to.  Modena  1866.  The  Society. 

Turin : — ^E.  Accademia  delle  Scienze.    Atti.   Vol.  XTT.   8vo.   Torino 

1876-77.  The  Academy. 

Venice : — Ateneo  Veneto.     Atti.   Serie  2.  Vol.  XTTT.  puntata  1,  2. 

8vo.  Venezia  1877.  The  Ateneo. 

Eesle  Istituto  Veneto  di  Scienze,  Lettere  ed  Arti.      Memorie.  VoL 

XX.    Parte  1.    4to.    Venezia  1876.      Atti.    Serie  5.   Tomo  III. 

disp.  4-7.  8vo.  1876-77.  The  Institute. 

Wellington : — ^New  Zealand  Institute.    Transactions  and  Proceedings. 

Vol.  IX.  8vo.  1876.  The  Institute. 


Eeports  Ac. 

Calcutta : — Meteorological  Office.  Eeport  on  the  Administration  of 
the  Meteorological  Department  of  the  Government  of  India  in 
1875-76.  folio.  Eeport  on  the  Meteorology  of  India  in  1875. 
4to.  1877.  Indian  Meteorological  Memoirs.  Vol.  I.  Part  1.  4to. 
1876.  Eeport  of  the  Vizagapatam  and  Backergunge  Cyclones  of 
October  1876,  by  J.  ElUott.  4to.  1877.  The  OflSoe. 

London : — Bqtish  Museum.  Facsimiles  of  Ancient  Charters  in  the 
British  Museum.  Part  3.  folio.  1877.  Catalogue  of  Chinese 
Printed  Books,  Manuscripts,  and  Drawings  in  the  Library  of  the 
British  Museum,  by  E.  K.  Douglas.  4to.  London  1877.  A  De- 
scriptive Catalogue  of  Playing  and  other  Cards,  by  W.  H.  Will- 
shire.  8vo.  1876.  Catalogue  of  Birds.  VoL  III.  (Passeriformes), 
by  E.  B.  Sharpe.  8vo.  1877.  Catalogue  of  British  Fossil  Crus- 
tacea, by  H.  Woodward.  8vo.  1877.  The  Trustees. 

Oxford : — Badcliffe  Library  at  the  Oxford  XJniversity  Museum.  Cata- 
logue of  Books  on  Natural  Science  up  to  December  1872.  4to. 
Oxford  1877.  The  Eadcliffe  Trustees. 


Costa  (Achille)  Eelazione  di  un  Viaggio  per  I'Egitto,  la  Palestina  e  le 
coste  della  Turchia  Asiatica  per  ricerche  Zoologiche.  4to.  Napoli 
1875.    Eapporto  suUa  Malattia  delle  Viti  causata  dalla  fillossera. 
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4to*  1875 ;  Appendice.  4to.  Del  Tarantoilsmo  nelle  Calabiie  e  del 
ragno  che  lo  produce.  4to.  1876.  Delle  esistenza  deUa  vera  Taran- 
tolft  nelle  Calabrie.  4to.  1876.  The  Author. 

Crofton  (M.  W.),  F.B.S.  Lectures  on  the  Elements  of  Applied  Me- 
chanics, comprising  (1)  Stability  of  Structure,  (2)  Strength  of 
Materials.  8vo.  London  1877.  The  Author. 

Crompton  (Dr.  S.)  Tycho  Brahe,  Description  of  a  Portrait  of  him 
belonging  to  Dr.  S.  C.  8vo.  Manchester  1876.  The  Author. 

Darwin  (C),  r.B.S.  The  Different  Forms  of  Flowers  on  plants  of  the 
same  species.  12mo.  London  1877.  The  Author. 

Dn  Bois-Eeymond  (Emil),  For.  Mem.  E.S.  Gesammelte  Abhandlungen 
zur  allgemeinen  Muskel-  und  Nervenphysik.  2  vols.  8vo.  Leipzig 
1876-77. 

Ericsson  (J.)  Contributions  to  the  Centennial  Exhibition.  4to.  New 
YorJe  1876.  The  Author. 

Fitzgerald  (E.  D.)    Australian  Orchids.  Part  3.  folio.  Sydney  1877. 

The  Author. 

Grisebach  (A.)  La  V^g^tation  du  Globe  d'apr^s  sa  disposition  suivant 
les  Climats ;  ouvrage  traduit  de  TAllemand,  par  P.  de  Tchihatchef. 
Tome  n.  fasc.  1, 2.  8vo.  Paris  1877-78.  The  Translator. 

Harley  (Dr.  J.)  On  the  Parasitism  of  the  Mistletoe  ( Viscum  aUmm). 
4to.  London  1863.  On  the  Ludlow  Bone-bed  and  its  Crustacean 
Bemains.  8vo.  London  1861.  Second  (and  Third)  Communication 
on  the  Endemic  Hflematuria  of  the  Cape  of  Good  Hope  and  Natal. 
8vo.  1869-71.  The  Author. 

Jones  (T.  Eupert),  F.E.S.  Ehrenberg's  Eesearches  on  the  Eecent  and 
Fossil  Foraminifera.  8vo.  London,  Lecture  on  the  Antiquity  of 
Man,  illustrated  by  the  contents  of  Caves  and  relics  of  the  Cave-folk. 
8vo.  London  1877.  The  Author. 

Key  (A.)  xmd  G.  Eetzius  Studien  in  der  Anatomie  des  Nervensystems 
und  des  Bindegewebes.  Zweite  Halfte.  Erste  Abth.  folio.  Stockholm 

1876.  D.  Carnegie,  Esq. 
Marianini  (Stefano)     Memorie  di  Fisica  Sperimentale.   3  vols.   8vo. 

Bologna  1874-77. 

The  Deputazione  Provinciale  of  Modena,  by  the  Italian  Minister. 

Boscoe  (H.  E.),  FJt.S.,  und  C.  Schorlemmer,  F.E.S.    Ausfiihrliches 

Lehrbuch  der  Chemie.   Band  I.   Nichtmetalle.   8vo.   Braunschweig 

1877.  The  Authors. 
Scheffler  (H.)    Die  Naturgesetze  und  ihr  Zusammenhang  mit  den  Prin- 

zipien  der  abstrakten  Wissenschaften.    Theil  I.  Lief  1, 2 ;  Theil  11. 

Lief  1, 2.  8vo.  Leipzig  1876-77.  Friedrich  Forster. 

Spratt  (Admiral),  F Jt.S.    Eemarks  and  Details  relative  to  the  Cretan 

Venus.  4to.  1877.  The  Author. 

Tennant  (Colonel),  F.E.S.    Beport  on  the  preparations  for  and  observa- 
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tions  of  the  Transit  of  Yenus,  as  seen  at  Boorkee  and  Lahore  on 
Dec.  8, 1874.  4to.  CtOcuita  1877.  The  Anthor. 

Villarceau  (Tvon)  et  Aved  de  Magnac.  Nonvelle  Nayigation  Astrono- 
mique.  Th^rie ;  Pratique.  4to.  Paris  1877.  The  Authors. 

Wiedersheim  (B.)  Salamandrina  Perspicillata  und  G^triton  Fuscus. 
8vo.  Wwnburg  1876.  Das  Kop&kelet  der  TIrodelen :  ein  Beitrag 
zur  vergleichenden  Anatomie  des  WirbelthieivSchadels.  8vo.  Leipzig 
1877.  The  Author. 

Zinno  (Silvestro)  Sulle  possibili  industrie  chimiche  nasionali.  4to. 
Napoli  1871.  Memoria  sulFOzono.  8vo.  1874.  Titoli  del  Profes- 
sore  Cav.  Silrestro  Zinno.  8vo.  1876.  The  Author. 


Notice  sur  les  Travaux  de  M.  le  Comm.  Alexandre  Cialdi,  Capitaine  de 
Vaisseau.  4to.  C.  W.  Merrifield,  F.B.S. 

Manifestation  en  Thonneur  de  M.  le  Professeur  P.  J.  van  Beneden. 
Louvain  18  Juin,  1877.  Compte-Bendu  public  au  Nom  de  la  Com- 
mission Organisatrice.  8vo.  Oand  1877.  Bronze  Medal  by  J.  Wiener. 

The  Commission. 

A  Collection  of  Photographs  taken  during  the  recent  Arctic  Expedition. 

The  Admiraltj. 

A  Portrait  of  Albert  von  Haller,  For.  Mem.  B.S.,  painted  in  oils,  by  C. 
von  Stoppelaer,  1766,  in  gilt  frame.  Dr.  Sharpej,  F.BJ3. 

A  Portrait  of  Sir  John  Herschel,  Bart.,  F.B.S.,  painted  in  oils  by  Jensen, 
in  gilt  frame.  John  Evans,  F.B.S. 


November  22, 1877. 
Transactions. 
Albany  [U.S.]  :— Albany  Institute.     Transactions.    Vol.  VUL  8vo. 
1876.    Proceedings.  Vol.  H.  Part  1.  8vo.  1874.    Field  Meetings, 
1870-76.  8vo.  1876.  The  Institute. 

Boston  [U.S.] : — ^American  Academy  of  Arts  and  Sciences.    Proceed- 
ings. Vol.  Xn.  (New  Series.  Vol.  IV.).  8vo.  1877. 

The  Academy. 

American  Gynecological  Society.     Transactions.  Vol.  L,  for  the 

year  1876.  8vo.  Bostm  1877.  The  Society. 

Boston  Society  of  Natural  History.     Memoirs.  Vol.  IE.  P&rt  1. 

No.  1-3;  Part  4.  No.  6.  4to.  1871-77.    Proceedings.  VoLXIH. 

Sheets  24-28 ;  Vol.  XIV.  Sheets  1-14 ;  VoL  XVIIL  Part  3,  4. 

8vo.  1870-77.  The  Society. 

Buffalo :— Society  of  Natural  Sciences.     Bulletin.  Vol.  III.  No.  4. 

8to.  1877.  The  Society. 
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TnmBactioiis  (continued). 

New  York : — ^American  Gteographical  Society.    Journal.  Vol.  V.,  VI. 

8vo.  1874-76.  '  The  Society. 

Philadelphia : — Academy  of  Natural  Sciences.    Journal.   New  Series. 
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December  6,  1877. 
Sir  JOSEPH  HOOKER,  C.B.,  President,  in  the  Chair. 

The  President  announced  that  he  had  appointed  as  Vice-Presidents : — 

The  Treasurer. 

Mr.  Abel. 

Dr.  Farr. 

Prof.  Henry  Smith. 

Dr.  Allen  Thomson. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 

I.   ''  On  the  Tides  at  Malta.''    By  Sir  G.  B.  Airy,  K.C.B., 
Astronomer  Royal.     Received  July  14, 1877. 

(Abstract.) 

A  self-registering  tide-gauge  had  been  erected  in  the  harbour  of  La 
Yaletta,  and  records  had  been  made  with  it  continuously  from  1871, 
March  31,  to  April  28,  and  with  interruptions  through  other  days,  under 
the  care  of  Admiral  Sir  Cooper  Key,  Naval  Commander  at  Malfca ;  and 
the  register  sheets  were  placed  in  the  hands  of  the  Astronomer  Royal. 
They  form  a  band  about  60  feet  long. 

The  first  step  required  to  make  the  observations  available  was  to 
eliminate  the  effects  of  frequent  non-tidal  undulations,  whose  period  is 
approximately  21".  This  was  done  by  carefully  bisecting  the  intervals 
between  adjacent  elevations  and  depressions  in  about  1100  instances,  and 
drawing  a  pencilled  curve  through  the  points  of  bisection. 

It  then  became  necessary  to  consider  the  best  plan  of  reduction.  It 
was  determined  to  commence  by  comparison,  in  respect  of  times,  with 
the  predicted  tides  at  London,  as  given  in  the  Admiralty  Tide-Tables, 
which  are  generally  recognized  as  accurate,  and  are  free  from  diurnal  tide. 
The  times  of  London  high-water  were  therefore  laid  down  on  the  register- 
sheets  (without  regard  to  difference  of  longitude);  each  tidal  day  was 
divided  into  48  equal  parts,  and  for  each  dividing  point  the  ordinate  of 
the  tidal  curve  was  measured.  The  number  of  measures  is  about  1900. 
These  measures  were  collected  in  groups  of  6  measures  for  each  group 
(or  8  groups  for  each  tidal  day),  and  the  mean  of  each  group  is  exhibited 
iu  a  Table. 

The  method  of  treating  these  means  of  group-measures  is  then  ex- 
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plained.  The  object  is  to  express  every  height  on  each  separate  daj  by 
the  following  formulas,  in  which  0  is  the  tidal  angle,  increasing  from  0  nJb 
the  beginning  to  2ir,  or  24*»,  at  the  end  of  the  tidal  day : — 

For  mean  height,  M ; 

For  semidiurnal  tide,  P .  sin  20+Q  •  cos  2d ; 

For  diurnal  tide,         p .  sin    0+  g .  cos    0. 

The  mathematical  process  is  investigated,  and  an  easy  practical  role  is 
found  for  its  application.  Thus  the  numerical  values  of  M,  P,  Q,i>,  9  are 
found  for  every  day.  The  two  tidal  expressions  are  without  difficulty 
converted  into  the  following — 

Half  semidiurnal  range  X  cosine  of  (26  —  2  retard  of  semidiurnal  high- 
water  on  the  zero  of  tidal  time), 

Half  diurnal  range  X  cosine  of  (0— retard  of  diurnal  high-water  on  the 
zero  of  tidal  time), 

By  the  f  ormulsa, 

Half-range=  V(B*+Q*)  or=  V(P*+?*)  for  the  two  tides  respectively, 

p 
Tan  2  retard  for  semidiurnal  iide=-^. 

Tan  retard  for  diurnal  tides?. 

Thus  the  retard  of  each  tide  on  the  zero  of  tidal  time  is  found  for  eTeiy 
day.  The  adopted  zero  of  tidal  time,  for  a  reason  given  in  the  paper,  is  16^ 
earlier  than  the  tabular  time  of  London  high-water :  and  thus  the  real 
time  of  each  of  the  Malta  high  waters  for  every  day  is  found.  This  is 
then  compared  with  the  time  of  moon's  transit  in  the  Nautical  Almanac ; 
and  thus  the  retard  of  each  high  water  on  the  moon's  transit  is  found* 
For  more  distinct  view  of  the  changes  the  lunation  is  divided  into  eight 
equal  parts,  and  the  means  of  the  several  classes  of  results  are  taken  for 
each  eighth  part,  by  a  process  explained  in  the  paper. 

The  following  are  the  principal  results : — 

1.  The  value  of  M,  the  mean  height  for  each  day,  has  a  regular  and 
well-defined  luni-menstrual  change  connected  with  the  moon's  declina- 
tion. It  is  suggested  that,  viewing  the  extreme  slowness  of  the  change, 
it  is  probable  that  this  inequality  differs  little  in  magnitude  and  epoch  from 
the  corresponding  inequality  on  the  oceanic  shores  of  Spain  and  Morocco, 
and  that  perhaps  it  gives  the  best  measure  of  that  inequality. 

2.  The  semimenstrual  inequab'ty  in  time  of  the  semidiurnal  tides  is 
very  well  marked.  In  Aiagnitude  it  is  sensibly  the  same  as  that  at  London, 
but  its  epoch  is  about  three  days  earlier. 

3.  The  semimenstrual  inequality  in  height  of  the  semidiurnal  tides  is 
also  very  well  marked.  Its  epodi  is  earlier  than  that  for  London  by 
about  three  days ;  but  the  proportion  of  its  coefficient  in  height  to  thb 
coefficient  of  semidiurnal  tide  in  height  is  greater  than  at  London. 

(It  is  curious  that  these  results  should  be  deduced  with  such  certainty 
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and  accoraoy  from  tides  in  which  the  greatest  single  coeffioieut  is  3| 
inches.) 

4.  The  mean  retard  of  semidiomal  high  water  on  the  moon's  transit  is 
about  16^  4"",  which  may  be  taken  as  the  establishment  at  Malta. 

5.  The  results  for  the  diurnal  tides  (whose  coefficient  in  the  mean  is 
about  0*3  inch)  are  somewhat  discordant,  but  appear  to  exhibit  a 
periodical  law  of  coefficients,  sudi  as  is  proper  for  them. 

The  last  point  for  examination  is,  the  character  of  the  non-tidal  undu- 
lations already  mentioned.  These,  in  many  cases,  far  exceed  the  tidal 
oscillations.  Similar  undulations  at  Swansea  had  attracted  attention 
many  years  ago  Q  Encyclopaedia  Metropolitana,'  *'  Tides  and  Waves" ;  and 
private  correspondence  with  J.  W.  G.  Gutch,  Esq.).  Lately,  however, 
the  undulations  of  the  same  character  in  the  Swiss  hkes^  called 
•Seu^usy  have  been  carefully  examined  by  Dr.  Porel ;  and  there  appears  to 
be  no  room  for  doubt  that  the  non-tidal  oscillations  at  Malta  are  genuine 
Seiches,  They  appear  to  be  formed  by  waves  reflected  from  opposite 
shores,  producing  stationary  waves  between  them.  The  shores  concerned 
in  forming  the  Seiches  of  Malta  seem  to  be  those  of  Africa  and  Sicily. 
A  Table,  exhibiting  the  principal  elements  of  their  intervals  and  their 
magnitudes,  is  given  in  the  papw. 


II.  ''  Observations  on  Hermetically-sealed  Flasks  opened  on  the 
Alps.''  In  a  Letter  to  Professor  Huxlky,  Sec.  R.S.  By 
Professor  Tyndall,  LL.D.,  F.R.S.  Received  September  21^ 
1877. 

Alp  Lofgen,  18th  September,  1877. 
My  Dsab  Huxley, — ^Though  the  question  of  "  Spontaneous  Genera- 
tion" is,  I  believe,  practically  set  at  rest  for  the  scientific  world,  you  may 
possibly  deem  the  following  facts  of  sufficient  interest  to  be  communicated 
to  the  Royal  Society. 

I  brought  with  me  this  year  to  the  Alps  sixty  hermetically-sealed  fiasks, 
containing  infusions  of  beef,  mutton,  turnip,  and  cucumber,  which  had 
been  boiled  for  five  minutes  in  London  and  sealed  during  ebullition. 
They  were  packed  in  sawdust,  and  when  opened  at  the  Bel*alp  the 
drawn-out  and  sealed  ends  of  six  of  them  were  found  broken  off.  These 
six  flasks  were  filled  with  organisms,  the  remaining  ones  were  pellucid 
and  free  from  life. 

Two  or  three  of  them  were  subsequently  broken  by  accident,  but  for 
six  weeks  fifty  of  the  flasks  remained  perfectly  clear. 

At  the  end  of  this  time  I  took  twenty-three  of  them  into  a  shed  con- 
taining some  fresh  hay,  and  there  snipped  off  their  sealed  ends  with  a 
pair  of  pliers.  The  air  of  the  hay-loft  entered  to  fill  the  vacuum  produced 
by  the  boiling  in  London.  Twenty-seven  other  flasks  were  taken  im- 
mediately afterwards  to  the  edge  of  a  declivity,  which  might  almost  be 
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called  a  precipice,  with  a  fall  of  about  a  thousand  feet.  A  gentle  breese 
was  blowing  horn  the  mountains,  which  were  partly  snow-covered,  and 
partly  of  bare  rock,  towards  the  precipice.  Taking  care  to  cleanse  my 
pliers  in  the  flame  of  a  spirit-lamp,  and  to  keep  my  body  to  leeward  of 
the  flasks,  I  snipped  o£E  their  sealed  ends. 

The  two  groups  of  flasks  were  then  placed  in  our  own  little  kitchen, 
where  the  temperature  varied  from  about  65°  to  90°  Eidirenheit. 

Besult : — ^Twenty-one  of  the  twenty-three  flasks  opened  on  the  hay-loft 
are  filled  with  organisms ;  two  of  them  remain  clear. 

All  the  flasks  opened  on  the  edge  of  the  precipice  remain  as  dear  as 
distilled  water.    Not  one  of  them  has  given  way. 

This  is  a  striking  confirmation  of  the  experiments  of  Pasteur  upon  the 
Mer  de  Glace. 

Ever,  my  dear  Huxley, 

Yours  faithfully, 

John  Tyndall. 


III.  "  Researches  on  the  Effect  of  Light  upon  Bacteria  and  other 
Organisms.^'  By  Arthur  Downbs,  M.D.,  S.Sc.  Cert.  Cantab., 
and  Thos.  P.  Blunt,  M.A.  (Oxon.),  F.C.S.  Communicated 
by  J.  Marshall,  P.R.S.,  Professor  of  Anatomy  to  the  Royal 
Academy  of  Arts.    Received  October  18, 1877. 

The  investigation  to  which  the  following  communication  relates  was 
undertaken  by  us  with  the  view  of  ascertaining,  first,  whether  light  could 
be  shown  to  exert  any  appreciable  influence,  favourable  or  the  reverse, 
upon  the  development  of  Bacteria  and  other  organisms  in  certain  of  those 
solutions  which  afford  a  suitable  medium  for  their  appearance  and 
increase. 

We  feel  justified  in  thus  presenting  our  earlier  researches  and  the 
conclusions  drawn  from  them,  by  considering  that  every  tact,  however 
small,  which  tends  to  throw  light  upon  the  life-history  of  these  organisms 
is  of  importance  as  bearing  upon  questions  of  the  highest  moment  and 
most  vuied  interest. 

In  the  experiments  about  to  be  recorded  the  contents  of  the  tubes  were 
in  most  cases  examined  under  a  high  power,  and  the  turbidity,  whensudi 
occurred,  was  invariably  found  to  be  occasioned  by  swarms  of  Baderitu 
The  best  index  of  the  development  of  the  Bacteria  we  found  to  be  the 
degree  of  turbidity  and  the  time  of  its  commencement. 

Ohs,  1.  April  24. — Eight  ordinary  thin  test-tubes  were  cleansed  with 
strong  sulphuric  acid  and  thoroughly  rinsed  with  tap-water.  Hiey  were 
then  partially  filled  with  freshly  made  unboiled  Pasteur's  solution,  the 
exact  composition  of  which  is  given  in  the  Appendix  {A).  Four  of  the 
tubes  were  encased  in  thin  sheet-lead  so  as  entirely  to  exclude  light,  and 


Digitized  by  VjOOQ IC 


1877.]  the  Effect  of  Light  on  Bacteria  ^c.  489 

four  were  left  quite  bare.  The  tops  of  all  were  loosely  covered  with 
sheetrlead  capsules,  and  the  whole  were  placed  iu  a  test-tube-stand  out- 
side a  window  facing  south-east,  and  about  thirty  feet  abore  the  ground. 
None  of  the  tubes  were  plugged. 

May  4. — ^Tubes  examined  as  to  turbidity.  The  solution  remains  per- 
fectly clear  in  the  four  bare  tubes,  while  in  each  of  the  encased  it  has 
become  distinctly  and  uniformly  milky.  This  turbidity  was  proved  mi- 
croscopically to  be  caused  by  innumerable  Bacteria,  The  bare  tubes 
remained  quite  clear  till  May  28th,  when  they  were  unfortunately  acci- 
dentally lost. 

This  observation  was  again  and  again  repeated  with  similar  result. 

In  the  large  majority  of  cases  the  exposed  tubes  remained  clear  for  an 
indefinite  time,  and  in  every  instance  were  conserved  for  a  distinct  period 
after  their  encased  companions  had  become  turbid.  The  most  marked 
differences  in  the  conduct  of  the  two  sets  of  tubes  were  obtained  when 
the  sun  shone  brightly ;  when  for  a  period  of  a  day  or  two  at  the  com- 
mencement of  the  experiment  the  weather  was  close  and  sultry  and  the 
sky  dull,  the  conservative  effect  of  light  appeared  to  be  less  pronounced. 
Thus,  in  an  observation  started  on  June  12,  it  was  found  on  the  14th 
that  while  there  was  a  thick  zooglcea  and  advanced  turbidity  at  the  upper 
part  of  the  solution  in  the  encased  tubes,  there  had  already  commenced  a 
much  slighter  but  recognizable  cloudiness  in  two  tubes  filled  with  the 
same  Pasteur's  solution,  but  freely  exposed  to  the  light.  This  result  we 
attributed  to  the  fact  that  throughout  the  whole  of  the  12th  and  ISth 
there  was  not  one  ray  of  direct  sunlight,  the  sky  being  completely  over^ 
cast  and  the  atmosphere  remarkably  thick  and  hazy. 

Obs,  2.  May  5. — Two  of  the  bare  tubes  used  in  Observation  1  were 
taken  and  the  contents  were  found  to  be  equally  and  perfectly  dear. 
One  was  then  encased,  the  other  left  as  before,  and  both  again  replaced 
on  the  window-ledge  for  exposure. 

May  16. — the  contents  of  the  encased  tube  are  now  distinctly  turbid, 
those  of  the  bare  tube  being  perfectly  clear.  (The  latter  remained  clear 
till  May  28th,  when  it  was  destroyed.) 

Prom  this  observation  it  is  evident  that  the  fitness  of  the  cultivation- 
fluid  as  a  nidus  for  the  development  of  Bacteria  is  not  impaired  by  the 
action  of  light ;  for  we  find  that  the  contents  of  a  tube,  which  remain  per- 
fectly clear  so  long  as  they  are  freely  exposed  to  the  sun's  rays,  swarm 
with  Bacteria  after  being  deprived  of  the  access  of  light.  This  being  so, 
it  becomes  important  to  determine  whether  light  may  exert,  either  directly 
or  indirectly,  a  destructive  influence  on  Bacteria.  The  obvious  mode  of 
settling  this  question  would  be  to  protect  the  tube  to  be  insolated  from 
subsequent  impregnation,  and  finally  to  encase  it.  If  then  it  remained 
clear  for  an  indefinite  period  it  might  be  fairly  inferred  that  the  Bacteria 
had  been  destroyed,  either  in  their  rudimentary  condition,  or  successively 
as  they  came  to  maturity. 
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Ohs.  3.  May  30. — Two  tubes  were  partiallj  filled  with  Fasteur^s  solu- 
tion (Appendix,  B).  Both  were  plugged  with  cotton  wool.  One  was 
encased  in  paper,  the  other  left  bare. 

June  5, — ^The  encased  tube  was  quite  turbid. 

June  12. — The  bare  tube,  which  had  remained  perfectly  dear,  was 
now  encased,  and  continued  quite  free  from  turbidity  up  to  June  21. 

June  28. — Solution  quite  clear,  but  small  tuft  of  mycelium  growing 
at  bottom. 

July  7. — ^Examined  with  a  high  power.  Mass  of  matted  mycelium ;  no 
Bacteria  or  other  living  organisms  seen. 

July  11. — The  solution  now  teems  with  Bacteria^  having  doubtless 
been  impregnated  by  the  dipping-rod  used  on  July  7. 

Obe.  4.  May  30. — Two  tubes  containing  unboiled  Pasteur  solution 
(Appendix,  A)  were  plugged  with  cotton  wool,  capsuled,  and  insolated 
until  June  21,  when  both  were  encased  in  the  way  previously  described, 
the  plug  being  withdrawn  from  one,  and  the  lead  capsule  replaced. 

Both  tubes  remaining  clear  up  to  July  2,  the  unplugged  one  was  im- 
pregnated by  means  of  a  glass  rod  dipped  in  a  solution  containing 
abundant  Bacteria, 

July  4. — ^The  impregnated  solution  is  distinctly  turbid.  The  plugged 
tube  has  remained  perfectly  clear  up  to  the  present  date  [October  11th]. 

From  these  observations  we  conclude  that  so  far  as  Bacteria  are  con- 
cerned the  solution  may  be  absolutely  and  perfectly  sterilized  by  sunlight 
It  is  important  to  note,  however,  that  in  Observation  3  the  germs  of  a 
fungus  had  apparently  survived  an  amount  of  insolation  which  was  &tBl 
to  the  development  of  Bacteria.  This  interesting  point  will  be  further 
investigated  in  the  sequel. 

Ohs,  5.  May  6. — ^Two  of  the  tubes  used  in  Observation  1  were  taken; 
the  contents  of  the  one  (encased)  were  turbid,  and  the  .other  (bare)  per- 
fectly clear.  The  contents  were  well  mixed,  and  divided  between  the  two. 
They  were  then  exposed  as  before. 

May  8. — ^The  contents  of  the  encased  tube  are  much  the  more  turbid, 
those  of  the  bare  tube  are  but  slightly,  if  at  all,  more  turbid  than  on 
May  5th. 

This  experiment  tends  to  indicate  that  not  only  is  light  inimical  to  the 
original  development  of  the  individual,  but  also  materially  retards  the 
rate  of  increase,  even  when  the  organisms  are  present  in  a  matured  con- 
dition.   The  next  observation  was  designed  as  a  crucial  test  of  this. 

Ob$,  6.  July  10. — Seven  tubes  contdning  Pasteur's  solution  (A)  were 
inoculated  with  a  glass  rod  dipped  in  a  solution  teeming  with  Bacteria, 
care,  however,  being  taken  not  to  impair  the  translucency  of  that  in  the 
tubes  in  question.  Six  of  these  tubes  were  then  insolated,  the  seventh 
being  encased.  The  encased  tube  became  turbid  on  July  14,  the  rest 
remained  perfectly  clear. 


Digitized  by  VjOOQ iC 


1877.]  the  Effect  of  Light  on  Bacteria  l^e.  491 

Our  next  object  was  to  determine  what  period  of  exposure  to  light 
might  be  sufficient  to  sterilize  a  given  solution. 

Obs.  7.  July  10. — Seven  full-sized  test-tubes  were  partially  filled  with 
solution  A  and  plugged  with  cotton  wool.  Six  were  exposed  to  the  light 
for  periods  varying  &om  nine  hours  to  seven  days,  and  were  then  encased. 
There  was  but  little  direct  sunlight  upon  them  during  this  period,  the 
tube  exposed  for  nine  hours  having  3^  hours'  sun,  and  the  one  encased 
at  the  end  of  seven  days  receiving  in  the  aggregate  about  12  hours  of 
direct  sunlight. 

All,  however,  were  sterilized,  while  the  seventh  tube,  which  was  encased 
bom  the  first,  and  served  as  a  control,  became  cloudy  witii  Bacteria  on 
July  14th. 

Obi,  8. — On  July  29th,  a  very  hot  day,  with  much  sunshine,  six  tubes 
(series  a)  containing  solution  A  were  each  inoculated  with  two  drops  of 
a  similar  solution,  which  was  swarming  with  Bacteria,  They  were  all 
then  plugged  with  cotton  wool,  exposed  to  the  light  for  periods  varying 
from  thirty  minutes  to  eleven  hours,  and  then  encased,  the  duration  of 
sunlight  received  in  each  case  being  carefully  noted. 

On  July  31st  four,  which  had  received  haJf,  one,  two,  and  three  hours' 
exposure  respectively,  were  turbid  with  Bacteria.  The  other  two,  how- 
ever, which  had  been  exposed,  the  one  for  five  and  the  other  for  eleven 
hours,  were  clear  at  this  date ;  but  some  days  later  the  former  contained 
some  Bacteria  and  a^1;uft  of  mycelium  with  sporidia,  while  the  latter 
showed  a  similar  growth  of  mycelium  but  no  Bacteria,  These  tubes  had 
received  four  and  a  half  and  nine  hours'  direct  and  powerful  sunlight 
respectively. 

On  the  same  day  six  tubes  (series  b)  containing  the  same  solution,  but 
not  inoculated,  were  similarly  plugged,  insolated,  and  encased.  These 
tubes  all  contained  coimtless  Bacteria  on  August  2nd.  This  somewhat 
dissimilar  result  we  attribute  to  the  fact  that  for  series  a  we  pur- 
posely chose  very  narrow  tubes,  not  exceeding  a  third  of  an  inch  in  dia- 
meter, while  those  of  series  b  were  about  two  thirds  of  an  inch.  The 
fact,  however,  that,  while  in  Observation  7  we  succeeded  in  sterilizing  a 
solution  by  an  exposure  of  nine  hours,  only  three  and  a  half  hours  of 
which  were  direct  sunlight,  nevertheless  in  Observation  8  (series  b)  we 
find  the  same  solution  breaking  down  after  eleven  hours,  nine  of  which 
were  true  insolation,  we  can  only  explain  by  supposing  that  external  con- 
ditions— ^notably  temperature — ^may  retard  or  counteract  the  preservative 
quality  of  the  solar  rays.  This  point  is  one  which  calls  for  careful  in- 
vestigation. It  must  be  understood,  however,  that  the  putrefactive  ten- 
dency of  warmth  does  not  in  our  experience,  with  this  solution  at  least, 
override  what  we  have  termed  the  preservative  quality  of  light ;  for,  pro- 
vided that  there  was  a  full  amount  of  sunlight,  we  have  preserved  tubes 
exposed  contimwmly  from  day  to  day  as  readily  in  hot  weather  as  in 
cool. 
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An  important  result,  we  venture  to  think,  in  connexion  witii  series  a 
of  Observation  8,  is  the  appearance  of  mycelial  fungus  in  the  two  tubes 
which  were  longest  insolated. 

In  the  course  of  our  investigation  we  have  found  that,  when  Bacterid  ap- 
pear early  and  in  large  numbers  in  the  solutions  we  have  used,  the  mycelium 
of  PeniciUium  or  other  microscopic  fungus  is  rarely  seen,  the  Bacttria 
apparently  preoccupying  the  ground ;  when,  however,  the  development 
of  the  Bacteria  is  from  some  cause  retarded  or  prevented,  we  have  fre- 
quently found  tufts  of  delicate  mycelium  submerged  in  our  experimental 
solutions,  after  they  have  been  encased  or  removed  into  diffused  light. 
An  example  of  this  is  seen  in  Observation  3,  and  other  instances  might 
be  cited.  It  is  to  be  observed,  however,  that  no  mycelium  appeared  during 
the  period  of  exposure  of  a  solution,  except  under  the  conditions  here- 
after stated,  nor,  indeed,  afterwards,  if  this  were  sufficiently  prolonged. 

We  infer  accordingly  that  light  may  retard  or  altogether  prevent  the 
appearance  of  mycelial  fungi,  but  that  its  influence  in  this  respect  is 
slower  and  less  powerful  than  upon  the  Schizomyeetes, 

May  not  this  explain,  in  part  at  least,  the  sparing  distribution  of 
Bacteria  in  ordinary  air  as  compared  with  the  prevalence  of  the  spores  of 
Penieillium  &c.,  a  fact  observed  by  Burden  Sanderson  and  others,  and 
which  our  own  experience  tends  to  corroborate  ? 

In  the  course  of  our  investigation  we  found  that,  within  certain  limits, 
the  rapidity  with  which  Bacteria  appeared  in  the  solution  A  was  propor- 
tionate to  its  dUution,  Gdiis  is  illustrated  in  the  following  observation,  in 
which  we  took  advantage  of  the  greater  resistance  to  decomposition  of 
the  stronger  solutions  for  the  purpose  of  ascertaining  whether  diffused 
light  exerts  any  appreciable  influence  on  the  processes  under  considera- 
tion. We  had  already  observed  that  diffused  light  did  not  prevent  the 
appearance  of  Bacteria  in  a  solution  when  made  in  the  strength  given  in 
the  Appendix  (A), 

Obs.  9.  Jtdy  24. — ^Four  solutions  are  prepared,  so  that — 
I.  is  of  the  ordinary  strength. 
n.  is  twice  as  strong. 
m.  is  d|  times  as  strong. 
IV.  is  6     „        „        „ 

One  tube  of  each  solution  respectively  is  placed — 

(1)  In  the  dark  ; 

(2)  In  the  diffused  light  of  a  somewhat  badly  lighted  room ; 

(3)  In  broad  diffused  daylight. 

The  result  is  seen  in  the  following  Table : — 
(1)  In  the  dark  : 

I.  became  turbid  with  Bacteria,  July  27 

•'-'••  »1  »1  >»  »  M         ^ 

"'-■"'••  »  >»  »  »  >»         ^v 

IV.       „        „        „  „  Aug.  2 
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(2)  In  a  dull  light: 

I.  became  turbid  with  Bacteria,  July  26 
^•^      »>        »        >»  »  «    ^o 

-'-'-'••      >»        »        «  »  »    ^ 

lY.  contaiDedatuft  of  mycelium,  Aug.  2,  and  became 
turbid  with  Bacteria  and  mycelium,  <&c.,  Aug.  5. 

(3)  In  diffused  daylight : 

I.  contained  Bacteria    July  29 

n.] 

ni.  I  remained  clear. 

ivj 

It  is  right  to  state  that  the  tubes  of  series  3  were  inadvertently 
exposed  to  about  twenty  minutes  of  sunlight  on  July  24th ;  but  we  do 
not  think  that  this  materially  interfered  with  the  result,  which  demon- 
strates the  preservatiye  influence  of  diffused  daylight  alone,  although  in 
less  degree  than  that  of  the  direct  solar  rays. 

The  greater  tendency  of  the  more  dilute  solution  to  decomposition  has 
been  pointed  out.  We  have  again  and  again  endeavoured  to  sterilize  a 
solution  one  tenth  of  the  strength  given  in  the  Appendix  (A),  but  without 
success.  Whether  this  failure  was  due  to  the  unfavourable  state  of  the 
weather  and  clouded  skies  which  have  invariably  supervened,  or  whether 
in  a  solution  of  this  strength  the  development  of  the  Bacteria  proceeds 
with  such  rapidity  that  a  warm  night  may  in  its  favouring  tendencies 
outbalance  the  retarding  influence  of  the  day,  we  cannot  say.  We  have, 
however,  notwithstanding  one  or  two  failures  in  dull,  close  weather, 
repeatedly  succeeded  in  sterilizing  urine,  and  have  at  the  present  time  in 
our  possession  tubes  containing  that  liquid  which  has  been  preserved 
perfectly  fresh  and  clear  through  the  summer  i^onths. 

One  example  is  given. 

Ohs.  10.  July  26. — Three  test-tubes  were  partially  filled  with  fresh 
urine  of  a  golden  sherry  tint,  and  the  mouth  of  each  was  guarded  by  a 
pledget  of  cotton  wool.    Two  were  insolated,  one  encased. 

Attg.  1. — ^The  contents  of  the  encased  tube  were  turbid  and  putrid,  but 
the  lurine  in  the  tubes  which  were  exposed  to  the  light  remained  perfectly 
pellucid.  One  of  these  (a)  was  now  encased,  the  other  (6)  was  left  as 
before. 

In  about  a  week  two  small  tufts  of  myceh'um  had  appeared  at  the 
bottom  of  the  tube  marked  a,  the  solution  in  which,  however,  was  other- 
wise perfectly  clear. 

Oct.  13. — ^The  urine  in  tube  h  was  as  clear  as  when  the  experiment  was 
first  started,  nor  could  any  thing  except  mycelium  with  sporidia  be  dis- 
covered in  tube  a  on  close  examination  with  an  immersion  ^''.  The 
urine  in  this  tube  had  a  strongly  acid  reaction.  On  the  other  band  the 
urine  in  the  tube  which  was  encased  from  the  first  was  so  offensive  as  to 
render  the  examination  of  even  a  drop  a  disagreeable  task.    It  contained 
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rods  and  dumb-bells  in  great  numbers,  and  an  abundance  of  die  micro- 
coocj  associated  with  the  ammoniacal  fermentation  of  urea.  The  reaction 
was  alkaline.  Prolonged  insolation,  it  may  be  noted,  had  a  Ueachiiig 
effect  on  the  urinary  colouring-matter. 

Most  of  our  preliminary  observations  have  been  made  with  Pasteor^s 
solution  and  with  urine,  but  more  recently  we  hare  experimented  on  some 
hay-infusion. 

Ob$.  11.  Sept.  22. — ^Three  capillary  tubes  were  fiUed  with  infusicm 
made  from  some  very  old  hay.  One  end  of  each  was  sealed  off,  the  other 
end  haying  a  small  plug  of  cotton  wooL  The  infusion  was  of  a  deep 
yellow-brown  colour.  Two  of  the  tubes  (a)  were  insolated,  and  one  (6) 
encased. 

A  portion  also  of  the  infusion  was  boiled  for  five  minutes  in  a  test- 
tube,  the  mouth  of  which  was  closed  during  ebullition  with  cotton  wodt 
the  tube  (which  was  labelled  c)  being  then  placed  in  the  dark. 

Oct.  7. — ^Eaeh  sample  was  closely  examined  under  the  microscope.  In 
the  encased  tube  b  large  numbers  of  moving  rod-like  Bacteria  were  seen ; 
but  in  the  insolated  tubes  a  a  very  few  moving  particles  alone  were  visible 
to  an  immersion  ^'\  The  solution  «,  which  had  been  boiled,  ccmtained  a 
large  number  of  rods,  of  greenish  tint,  with  slightly  clubbed  refractive 
ends,  for  the  most  part  motionless,  and  usually  single.  None  of  these 
were  observed  in  the  capillary  tubes. 

In  some  observations  with  turnip-infusion  made  in  May  last  we  found 
that  while  it  became  extr^nely  rotten  and  offensive  in  those  tubes  whidi 
were  encased,  in  corresponding  tubes  exposed  to  ike  light  it  was  com- 
paratively odourless,  although  the  development  of  the  Bacteria  had  not 
been  wholly  prevented. 

Judging  from  the  following  experiment  with  zymase^  light  would  not 
appear  to  exercise  any  retarding  influence  on  the  **  indirect  ferments." 

Obs,  12. — Some  yeast  water,  four  or  five  times  filtered,  was  mixed  with 
weak  syrup  (which  previously  to  the  experiment  was  proved  to  have 
scarcely  any  action  on  Eehling's  solution)  and  placed  in  two  test-tubes. 
One  was  encased  in  the  usual  way,  the  other  was  exposed  for  two  hours 
to  full  daylight,  including  about  three  quarters  of  an  hour  of  direct 
sunlight. 

At  the  end  of  this  time, 

25  grain  measures  of  Fehling's  solution  were  reduced  by  110  grain 

measures  of  the  insolated  liquid. 
25  grain  measures  of  Eehling's  solution  were  reduced  by  112  of  the 
solution  from  the  encased  tube. 

These  results  may  be  regarded  as  being,  within  the  limit  of  experi- 
mental error,  practically  the  same. 

What  is  the  true  account  of  this  influence  of  light  which  has  be^i 
shown  to  act  so  destructively  on  organisms  by  no  means  deficient  in  their 
tenacity  of  life  ?    We  do  not  profess  to  enter  into  this  question  at  pre- 
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sent  any  further  than  to  state  the  results  of  one  or  two  of  the  numerous 
experiments  which  we  hare  made  in  this  direction.  The  first  question 
which  presents  itself  is,  with  what  rajs  of  the  spectrum  is  this  property 
of  light  coincident?  Is  it  localised  in  any  one  part,  or  is  the  unbroken 
pehdl  of  rays  necessary?  The  most  definite  result  which  we  have 
hitherto  obtained  is  embodied  in  the  following  experiment. 

Obs.  13. — On  Oct.  8th  eighteen  small  test-tubes  were  partially  filled 
with  a  solution,  which  was  purposely  made  of  twice  the  strength  given  in 
tiie  Appendix,  and  were  then  plugged  with  cotton  wool. 

Three  of  these  tubes  were  placed  in  each  of  four  boxes,  the  sides  of 
which  were  made  of  blood-red,  yellow,  deep  blue,  and  ordinary  glass 
respectirely.  Of  the  remaining  six  tubes,  three  were  encased,  and  three 
were  simply  exposed  to  the  light.  All  were  placed  as  usual  on  an  outside 
window-ledge  iacing  south-east. 

Oct,  11. — ^The  encased  tubes  became  turbid  with  innumerable  Bacteria. 

Oct.  12. — ^The  tubes  in  the  yellow  box  were  all  clouded  with  Bacteria. 

Oct.  13. — ^The  tubes  in  the  red  box  showed  signs  of  commencing  tur- 
bidity, all  the  other  tubes  remaining  up  to  this  time  quite  pellucid. 

Oct.  14. — ^AU  the  red  tubes  were  very  turbid ;  two  of  the  tubes  in  the 
box  of  ordinary  colourless  glass  were  adso  slightly  turbid. 

Oct.  17. — One  blue  tube  has  become  slightly  clouded  with  B€tcteria. 

The  tubes  as  they  broke  down  were  all  carefully  examined  with  a  -jX^" 
immersion.  No  organisms  other  than  the  ordinary,  rod-shaped  Bacteria 
were  seen  in  any,  nor  did  these  differ  as  regards  their  apparent  vitality 
and  activity. 

The  remaining  tubes  in  the  blue  glass  case,  those  simply  exposed  to 
the  light  (t.  e.  not  placed  in  any  glass  case),  and  the  surviving  tube  of  the 
three  exposed  in  the  box  of  ordinary  window-glass  have  remained  per- 
fectly clear  to  the  date  of  writing  (Oct.  17th).  This  experiment  points 
forcibly  to  the  actinic  rays  of  the  spectrum  as  the  active  agents ;  we  hesi- 
tate, however,  to  affirm  this  positively  for  the  present. 

In  the  course  of  our  investigation  we  have  repeatedly  had  occasion  to 
notice  the  proneness  of  mycelial  fungi  to  appear  (to  the  exclusion  of 
Bacteria)  in  solutions  which  were  themselves  of  a  yellow  colour,  or  were 
subjected  to  yellow  light.  Thus  tubes  containing  urine  exposed  to  light 
have  several  times  developed  a  tuft  of  mycelium  either  during  insolation 
or  afterwards  when  encased. 

The  following  observation  illustrates  the  same  fact  as  regards  the 
artificial  solution  with  which  most  of  our  experiments  have  been 
made. 

Obs.  14.  May  30. — Three  small  test-tubes  containing  solution  A  were 
suspended  in  three  larger  tubes  containing  solution  of  picric  acid  of  such 
strength  as  to  represent  three  gradations  of  colour  from  a  barely  per- 
ceptible yellow  to  a  deep  tinge  of  the  same.  Three  corresponding  arrange- 
ments were  made  with  pure  distilled  water  in  place  of  the  picric  acid 
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solution.    A  tube  containing  some  of  the  same  Pasteur's  solution 
encased  in  the  usual  manner  and  all  were  plugged  with  cotton  wool. 

June  5. — The  encased  tube  became  turbid. 

June  8. — ^A  tuft  of  mycelium  appeared  in  the  medium  yellow. 

June  9. — ^The  deep  yellow  became  clouded  with  Bacteria. 

June  11. — ^Tufts  of  mycelium  appeared  in  the/a»n%  yellow. 

The  tubes  suspended  in  distilled  water  became  sterilised,  nor  could 
any  thing  save  mycelial  growths  be  discovered  in  either  of  the  solutions 
exposed  to  yellow  light,  with  the  exception  of  that  suspended  in  the  yellow 
of  deepest  tint,  in  which  Bacteria  had  appeared  at  an  early  period  and 
excluded  the  mycelium.  This  result  we  attribute  to  the  apparent  fiict  that 
the  less  deep  shades  of  yellow  allow  rays  to  pass  which  may  at  least  chedc 
the  development  of  Bacteria^  but  are  less  potent  in  their  influence  on  tiie 
germs  of  the  higher  fuugi,  which  accordingly  develop  the  more  readily 
since  they  have  not  to  struggle  with  the  former  for  the  mastery.  By  this 
indirect  influence,  therefore,  rather  than  by  any  special  and  direct  action, 
we  explain  the  tendency  of  mycelium  to  spring  up  in  yeUow  light.  This 
explanation,  moreover,  is  in  accordance  with  our  deduction  that,  although 
the  mycelial  fungi  are  injuriously  affected  by  light,  they  are  nevertheless 
more  resistant  to  its  influence  than  Bacteria, 

The  breaking  down  in  Observation  13  of  the  tubes  in  the  case  of 
window-glass  is  remarkable  when  contrasted  with  the  survival  of  the 
solutions  in  the  blue  case.  We  have,  however,  invariably  found  it  a 
difficult  matter  to  sterilize  an  ordinary  cultivation-liquid  when  a  second 
screen  of  glass  was  placed  between  it  and  the  light. 

Early  in  the  investigation  it  occuired  to  us  that  oxygen  might  be  found 
to  play  a  part  in  the  phenomena  under  observation.  Tubes  containing 
solution  A  were  therefore  exhausted  at  the  Sprengel  pump  and  sealed  off, 
our  intention  being,  in  the  first  place,  to  observe  the  effect  of  insolation  in 
the  absence  of  an  atmosphere,  filtered  air  being  afterwards  admitted. 
To  our  surprise  we  found  in  a  preliminary  experiment  that  on  breaking 
the  sealed  points  of  the  tubes  under  cotton  wool,  after  the  vacuum  had 
been  maintained  for  two  days,  the  solutions  were  perfectly  sterilized  and 
could  be  preserved  indefinitely.  This  fact  (which,  we  have  since  been 
informed,  was  stated  by  Professor  Tyndall  in  the  Transactions  of  the  Boyal 
Society  this  year)  cut  off  for  the  present  this  mode  of  approaching  the 
problem. 

The  deductions  which  we  draw  from  these  simple  experiments  may  be 
summed  up  as  follows : — 

1.  Light  is  inimical  to  the  development  of  Bacteria  and  the  microscopic 
fungi  associated  with  putrefaction  and  decay,  its  action  on  the  latter 
organisms  being  apparently  less  rapid  than  upon  the  former. 

2.  Under  favourable  conditions  it  wholly  prevents  that  development^ 
but  under  less  favourable  it  may  only  retard. 

3.  The  preservative  quality  of  light,  as  might  be  expected,  is  most 
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powerful  in  the  direct  solar  ray,  but  can  be  demonstrated  to  exist  in 
ordinary  diftised  daylight. 

4.  So  far  as  onr  investigation  has  gone  it  would  appear  that  it  is 
chiefly,  but  perhaps  not  entirely,  associated  with  the  actinic  rays  of  the 
spectrum. 

5.  The  fitness  of  a  cultiyation-liquid  to  act  as  a  nidus  is  not  impaired 
by  insolation. 

6.  The  germs  originally  present  in  such  a  liquid  may  be  wholly 
destroyed,  and  a  putrescible  fluid  perfectly  preserved  by  the  unaided 
action  of  light. 

Although  there  are  many  vital  phenomena,  both  of  plant-life  and  of 
animal,  whether  in  health  or  disease,  co  the  elucidation  of  which  may  be 
applied  this  quality  of  light  (now  demonstrated,  so  far  as  we  are  aware, 
for  the  first  time),  we  have  endeavoured  in  this  paper  to  confine  ourselves 
to  the  plain  facts  of  our  observations,  and  have  studiously  avoided  specu- 
lation and  theory.  We  cannot,  however,  refrain  from  offering  one  com- 
ment on  the  striking  antagonism  between  these  facts  and  many  views 
that  have  hitherto  prevailed  on  the  relation  of  light  to  life.  This  rela- 
tion has  been  principally  investigated  as  regards  the  chlorophyl-cell ;  but 
chlorophyl  may  be  regarded  as  simply  an  organ  of  nutrition  adapted  to 
special  circumstances,  and  differing  essentially  in  its  vital  phenomena 
from  the  true  cellular  tissue  of  the  plant  and  its  protoplasmic  contents. 

It  appears  to  us  that  the  organisms  which  have  been  the  subject  of  our  re- 
search may  be  regarded  simply  as  individual "  cells  "  or  minute  protoplasmic 
masses  specially  fitted  by  their  transparency  and  tenuity  for  the  demon- 
stration of  physical  and  other  influences.  May  we  not  expect  that  laws 
similar  to  those  which  here  manifest  themselves  may  be  in  operation 
throughout  the  vegetable,  and  periiaps  also  the  animal  kingdom  wherever 
light  has  direct  access  to  protoplasm  ?  On  the  one  hand  we  have  chloro- 
phyl, owing  its  very  existence  to  light,  and  whose  functions  are  deoxi- 
dizing ;  on  the  other  the  white  protoplasm,  or  germinal  matter,  oxidizing 
in  its  relations,  and  to  which,  in  some  of  it«  forms  at  least,  the  solar  rays 
are  not  only  non-essential,  but  even  devitalizing  and  injurious. 

Gdiis  suggestion  we  advance  provisionally  and  with  diffidence ;  nor  do 
we  wish  to  imply  that  the  relations  of  light  to  protoplasmic  matter  are 
by  any  means  so  simple  as  might  be  inferred  from  the  above  broad 
statement. 

APPENDIX. 

The  artificial  solutions  employed  were  similar  to  those  used  by  Pasteur. 
The  followiug  are  the  formulaa  employed : — 

^.—Water,  1500. 

Brown  Sugar  Candy,  70. 
Tartaric  Acid,  4. 
Ammonium  Nitrate,  4. 
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Potassio  Carbonate,  0*6. 
Ammonium  Phosphate,  1. 
Solution  neutralized  with  Ammonia  and  filtered. 
B. — ^Approximately  the  same  as  last,  but  the  ingredients  not  weighed. 

Unless  otherwise  stated,  the  tubes  were  always  prepared  and  exposed 
as  in  Observation  1. 

It  is  self-evident  that  tubes  exposed  with  a  south-easterly  aspect  would 
receive  but  a  fraction  of  the  total  solar  rays  each  day.  We  have  not, 
however,  been  able  to  place  them  in  a  position  where  they  would  be  under 
the  direct  influence  of  the  sun  during  the  whole  period  that  it  was  above 
the  horizon ;  with  such  an  arrangement  we  should  expect  to  obtain  results 
proportionately  greater. 

[Received  November  5, 1877.] 

POSTSCBIPT. 

We  have  stated  in  the  preceding  paper  that,  on  exhausting  tubes  con- 
taining solution  A  by  means  of  a  Sprengel  pump  and  sealing  them,  we 
found  that  not  only,  as  might  be  expected,  did  no  development  of 
organisms  occur  under  these  conditions,  but  that  if  the  vacuum  was 
maintained  for  a  sufficient  length  of  time,  the  solution  became  absolutely 
barren.  Knowing  the  necessity  of  oxygen  to  Bacteria  (of  the  ordinary 
kind  at  least),  and  taking  into  consideration  the  products  of  their 
*'  respiration,''  we  inferred  that  this  result  was  attributable  to  the  absence 
of  oxygen,  and  consequent  asphyxia  not  only  of  the  mature  forms  of 
those  organisms  visible  to  the  higher  powers  of  the  microscope,  but  also, 
t  necessarily  followed,  of  that  rudimentary  **•  germinal "  material  which, 
eluding  even  the  piercing  test  of  the  electric  beam,  is  distributed  with 
extraordinary  uniformity  in  almost  every  water. 

We  observed,  also,  that  we  have  since  learned  that  this  mode  of 
sterilization  has  been  recently  demonstrated  by  Professor  Tyndall,  with 
a  similar  interpretation,  and  on  this  account  we  did  not  consider  it 
worth  while  to  enter  upon  any  details  of  our  own  experiments  in  this 
direction.  Within  the  last  few  weeks,  however,  we  have,  by  employing 
urine  as  the  experimental  fluid,  obtained  results  of  considerable  interest, 
and  have  thought  it  well  to  append  some  account  of  them. 

Observations  with  tubes  exhausted  ai  the  Sprengel  pump, 

Obs,  1.  July  18. — Two  tubes  containing  Pasteur  solution  were  ex- 
hausted. The  one  (a)  was  at  once  sealed  off ;  the  other  (b)  was  left 
attached  to  the  pump  (the  vacuum  being  maintained)  for  three  hours, 
air  carefully  filtered  through  cotton  wool  being  then  gradually  admitted. 
On  July  23  the  contents  of  b  were  found  to  be  turbid. 

On  July  26  air  was  admitted  with  similar  precautions  into  tube  a  hj 
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breaking  the  sealed  capillary  end  mthin  a  baU  of  cottonwool.  This  tube 
is  still  perfectly  pellucid  [Nov.  3]. 

We  concluded  from  this  experiment  that  while  three  hours'  vacuum 
was  insufficient  to  sterilize  the  solution  employed,  one  of  eight  days 
duration  rendered  it  absolutely  barren,  the  latter  fact  being  confirmed  by 
Beyeral  repetitions  of  the  experiment,  one  of  which  demonstrated  the 
sterilization  of  the  solution  by  two  days'  vacuum. 

On  substituting  urine  for  Pasteur  solution  different  results  were 
obtained. 

Obs,  2. — ^A  tube  containing  fresh  acid  urine  was  on  September  19  ex- 
hausted and  sealed  off.  On  September  22  the  capillary  point  was  broken 
under  cotton  wool.  On  September  29  the  contents  were  found  to  be 
turlnd  witii  Bacteria. 

Having  thus  ascertained  that  urine  resisted  the  sterilizing  effects  of  a 
vacuum  for  a  period  sufficiently  long  to  enable  us  to  test  the  effects  of 
insolation  on  this  fluid  in  vacuo,  we  proceeded  to  carry  out  our  original 
plan  of  investigating  the  more  intimate  nature  of  the  processes  by  which 
light  exerts  its  germicidal  action.  The  result  of  this  inquiry,  so  &r  as 
it  has  gone,  is  shown  in  the  following  observation : — 

Obs,  3.  Oct.  26. — Of  eight  test-tubes  containing  fresh  acid  urine,  two, 
which  we  will  call  aa,  were  simply  plugged  with  cotton  wool  and  insolated 
in  the  ordinary  way ;  two,  labelled  a'a'^  were  plugged  and  encased.  The 
four  remaining  tubes  were  exhausted  at  the  Sprengel  pump  and  sealed; 
two,  bhf  were  exposed  for  insolation,  the  remaining  two,  bl>',  being  encased. 

Oct.  30. — a!a'  were  both  swarming  with  Bacteria. 

Oct.  31. — ^Tbe  exhausted  tubes,  both  intolated  and  encased  (bb  and  b'b') 
were  distinctly  and  nearly  equally  turbid,  the  degree  of  cloudiness  being, 
if  any  thing,  more  marked  in  the  insolated  tubes  bb. 

The  urine  in  the  tubes  aa,  which  were  insolated  in  the  ordinary  manner, 
contained  numerous  small  points  of  submerged  growing  mycelium,  but 
with  this  exception  was  perfectly  bright  and  clear. 

Nov.  2. — On  examination  with  a  ^"  immersion  objective  numerous 
rods  in  active  movement  were  seen  in  each  of  the  four  tubes  which  had 
been  exhausted. 

The  tubes  a'a'  also  swarmed  with  bacterial  life ;  their  contents  were 
putrid  and  slightly  alkaline  in  reaction.  The  contents  of  the  exhausted 
tubes  had  in  each  case  a  disagreeable  putrefactive  odour,  but  the  reaction 
was  still  add. 

The  urine  in  tubes  aa  was  acid  and  fresh  in  odour.  With  the  excep- 
tion of  numerous  mycelial  tufts  and  one  or  two  moving  rods  in  the 
meshes,  nothing  was  seen  in  these  tubes  on  microscopical  examination. 
This  experiment  was  a  repetition  of  two  previous  observations  which 
gave  similar  results  and  need  not  be  detailed. 

In  all  cases  exhaustion  at  the  Sprengel  pnmp  was  carried  on  until 
ebullition  occurred  in  the  liquid  operated  upon,  and  the  mercury  had  for 
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a  minute  or  two  fallen  with  a  weU-marked  "  water-hammer  "  click.  No 
gauge  was  attached  to  the  pump.  We  do  not,  of  course,  regard  such  a 
vacuum  as  perfect ;  hut  it  was  sufficient  for  our  purpose,  and,  as  regards 
the  Pasteur  solution,  proved  fatal  to  the  contained  organisms. 

In  the  experiment  of  which  Obs.  3  is  here  given  as  an  example  we 
observe,  on  the  one  hand,  the  prevention  of  bacterial  development  and 
consequent  growth  of  mycelial  forms  (the  quantity  of  light  being  insuf- 
ficient for  the  destruction  of  these)  in  those  tubes  which  were  insolated  in 
the  presence  of  ordinary  atmospheric  air.  On  the  other  hand  we  see 
specimens  of  the  same  urine  insolated  to  precisely  the  same  degree  as  the 
former,  but,  in  the  absence  of  an  atmosphere^  becoming  turbid,  even  in  vacuo, 
with  Bacteria  as  early  as  their  encased  congeners. 

This  remarkable  fact,  then,  appears  to  follow  as  a  deduction,  that  a 
vacuum  (or  approximation  to  such)  which  of  itself  is  a  condition 
antagonistic  to  the  development  of  Bacteria^  nevertheless  shields  these 
organisms  from  the  germicidal  e&ct  of  light  *. 

It  is  not  our  present  purpose  to  speculate  on  the  interpretation  of  the 
phenomena  here  presented,  nor  should  we  be  justified  in  so  doing  until 
we  have  further  extended  our  observations,  and  more  fully  confirmed  the 
curious  residts  here  provisionally  detailed. 

IV.  ^'  Points  of  Resemblance  between  the  Suprarenal  Bodies  of 
the  Horse  and  Dog^  and  certain  occasional  Structures  in  the 
Ovary.'*  By  Charles  Cbeiohton^  M.B.,  Demonstrator  of 
Anatomy^  Cambridge  University.  Communicated  by  Pro- 
fessor Humphry^  F.R.S.     Received  October  12, 1877. 

(Abstract.) 

The  object  of  this  commonication  is  to  prove,  with  the  aid  of  accurate 
drawings,  that  there  exists  an  essential  resemblance  .between*  the  con- 
stituent parts  of  the  suprarenal  bodies  of  mammals  and  certain  structures 
in  the  mammalian  ovary  that  are  of  occasional  but  normal  occurrence. 
The  appearances  on  which  the  comparison  is  based  are  best  seen  in  the 
suprarenals  of  the  dog  and  horse,  and  in  the  ovaries  of  the  bitch.  The 
suprarenals  of  the  horse  and  dog  are  known  to  have,  immediately  under 
the  fibrous  tunic,  a  zone  of  follicles  of  singular  though  well-defined  struc- 
ture. The  first  point  in  the  communication  is  one  of  criticism,  and  has 
reference  to  the  division  of  parts  within  the  suprarenal.  It  is  held  that 
the  outer  zone  of  follicles,  as  they  are  seen  in  the  horse  and  dog,  are 
quite  unique  among  the  structures  composing  the  suprarenal,  and  are 
broadly  contrasted  with  the  rest  of  the  organ  lying  internal  to  them. 
The  contrast  is  unmistakable  in  these  two  animals,  and  it  is  equally 

*  We  wish,  howerer,  to  make  it  clear  that  we  by  no  meani  iniifit  on  thii  explana- 
tion ;  the  facto,  indeed,  admit  of  other  explanations. 
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x^ll-marked  in  the  festal  state  of  the  organ  in  other  mammals.  In 
opposition,  therefore,  to  the  usual  subdiTision  of  parts,  it  is  proposed  to 
limit  the  term  ''cortex"  to  the  extreme  outer  zone  consisting  of  the 
peculiar  structures  above-mentioned,  and  to  apply  the  term  "  medulla'' 
to  the  general  mass  or  parenchyma  of  the  organ  which  the  outer  zone 
covers,  including  in  the  medulla  the  extreme  central  and  generallj  pig- 
mented part  to  which  the  term  "  medulles  '*  has  been  hitherto  limited. 
This  proposed  rearrangement  of  terms  is  based  upon  the  fact  that  the 
outer  zone  has  no  continuity  of  structure  with  the  zones  next  to  it ; 
whereas  the  extreme  central  part  differs  from  the  neighbouring  paren- 
chyma in  unessential  particulars,  and  chiefly  in  the  character  of  the 
blood-vessels  or  blood-spaces  within  it. 

The  comparison  with  structures  in  the  ovary  is  based  upon  the  above 
radical  distinction  of  cortex  and  general  parenchyma  in  the  suprarenals, 
and  is  worked  out  in  two  sections  dealing  with  the  two  parts  respeo- 
tively.  The  structures  in  the  ovary  to  which  the  cortical  follicles  are 
compared  are  here  described  for  the  first  time,  and  the  discovery  of 
them,  and  of  their  nature,  has  been  the  starting-point  of  the  present 
investigation.  They  are  the  remains  of  Graafian  follicles  within  which 
the  ovum,  after  reaching  a  degree  of  ripeness,  has  shrivelled  up  and 
disappeared.  The  appearances  in  question  are  numerous  in  the  ovaries 
of  the  bitch,  especially  towards  old  age.  Their  structure  is  perfectly 
definite  and  their  occurrence  tolerably  uniform.  They  are  spoken  of  as 
obsolete  Graafian  follicles,  and  are  to  be  carefully  distinguished  from 
those  Graafian  follicles  from  which  a  ripe  ovum  has  been  successfully 
discharged. 

The  ovarian  structures  to  which  the  general  parenchymatous  mass  of 
the  suprarenal  is  compared  are  persistent  corpora  lutea^  entirely  solid 
and  cellular.  This  part  of  the  comparison  occupies  the  second  section 
of  the  paper,  and  the  details  of  it  are  referred  to  at  the  end  of  the 
abstract. 

Coming  to  the  details  of  his  comparison,  the  author  first  states  the 
facts  relating  to  the  cortical  suprarenal  structures.  Their  form,  espe- 
cially in  the  horse,  appears  different  in  the  sur&ce  section  and  in  the 
perpendicular  section.  But,  premising  that  the  same  differences  of 
shape  occur  among  the  corresponding  appearances  in  the  ovary,  they 
may  be  taken  to  be  essentially  elongated  closed  cylinders,  straight,  or 
curved,  or  tortuous,  or  doubled  up.  The  cylinders  are  completely  filled 
with  long  and  narrow  epithelial-like  cells  arranged  in  close  order  across 
their  lumen,  i.  e.  at  right  augles  to  their  long  axis.  Each  cell  stretches 
across,  generally  speaking,  the  whole  width  of  the  cylindrical  space; 
the  nucleus  of  a  cdl  is  generally  towards  one  end,  and  the  other  end 
is  often  pointed.  Cells  appear  alternately  to  arise  from  opposite  sides  of 
the  space,  their  pointed  or  relatively  free  extremities  interlocking  among 
the  nuclear  or  basal  ends  of  the  cells  opposite* 
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The  same  appearances  are  produced  in  the  ovary  in  the  following  way. 
The  Graafian  folUcle  may  be  in  a  more  or  less  advanced  stage  of  ripeness. 
Either  the  msmhrana  granulo$a  may  closely  invest  the  ovum,  or  it  may 
be  separated  from  the  ovum  (within  its  cumulus  proligenu)  by  the  cavity 
for  the  liquor  foUiculi,  In  the  former  class  of  cases,  the  membrana 
granulosa  has  a  short  circuit,  in  the  latter  it  has  a  very  much  longer 
circumference.  Within  a  follicle  of  either  class  the  ovum  decays,  and 
the  remains  of  it  are  expelled  or  absorbed.  The  circuit  of  the  membrana 
granulosa  has  been  broken,  and  the  circular  belt  of  cells  is  found  ^ther 
to  have  straightened  itself  out,  if  it  were  of  small  extent,  or  to  have  be- 
come folded  or  thrown  into  sinuosities  if  it  belonged  to  one  of  the  more 
distended  or  riper  class  of  follicles.  What  remains  of  the  aborted 
Graafian  follicle  is  the  membrana  granulosa^  in  the  form  of  a  longer  or 
shorter  cylindrical  body,  straight,  or  slightly  curved,  or  sinuous,  or 
doubled  up.  These  long,  narrow,  and  variously  curved  cylinders,  as  they 
are  found,  in  their  ultimate  state  of  quiescence,  in  the  substance  of  the 
ovary,  have  the  most  remarkable  superficial  resemblance  to  the  cortical 
cylinders  of  the  suprarenal  But  the  resemblance  in  minute  structure 
is  still  more  remarkable.  While  the  ovum  was  shrivelling  up  or  decaying, 
the  round  and  nuclear  cells  of  the  membrana  granulosa  were  taking  the 
shape  of  long  and  narrow  columnar  epithelial  xsells,  stretching  from  (me 
side  of  the  belt  to  the  other.  These  cells  have  tjieir  nucleus  towards  one 
end,  and  the  cell  is  seated  by  that  end  either  upon  the  outer  or  concave 
circumference  of  the  belt,  or  upon  the  opposite  convex  or  inner  circum- 
ference, the  two  sets  of  cells  interlocking  with  their  free  ends  across  the 
space.  Comparing  a  given  length  of  such  ovarian  cylinder  with  a  corre- 
sponding length  of  cylinder  in  tlfe  suprarenal,  the  minute  pcHnts  of 
resemblance  are  as  follows : — Both  cylinders  are  completely  filled  with 
cells  packed  in  close  order  across  their  long  axis ;  the  cells  have  precisely 
the  same  length  and  breadth,  the  same  relation  of  attached  ends  and  free 
ends,  the  former  uniformly  broad  and  containing  the  nucleus,  and  the 
latter  pointed  and  interlocking  with  the  attached  end  opposite.  As 
regards  cell-substance,  and  size  and  shape  of  nucleus,  no  differences  are 
discernible. 

The  structures  from  two  different  organs,  that  are  here  brought  into 
comparison,  not  only  resemble  one  another  closely,  but  they  are  each 
of  them  unlike  any  thing  else  in  the  body.  The  origin  of  the  structures 
in  the  ovary  can  be  traced  in  the  clearest  manner ;  they  are  the  remains 
of  Graafian  follicles  within  which  the  ovum  has  alxMted  or  decajred. 
The  conclusion  is  that  the  cortical  structures  of  the  suprarenal  are  the 
obsolete  condition  of  follicles  that,  in  their  active  period,  resembled  the 
existing  Graafian  follicles ;  and  that  conclusion  is  so  far  in  accordance 
with  the  hypothesis,  based  upon  independent  evidence,  that  the  supra- 
renal body  as  a  whole  (and  in  its  several  parts)  is  an  obsolete  organ. 

In  the  suprarenals  of  other  mammals  besides  the  dog  and  horse,  the 
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structure  of  the  cortical  zone  is  not  of  a  kind  to  suggest  or  to  bear  out 
the  above  comparison.  But,  according  to  Henle,  the  peculiar  structures 
of  the  horse  and  dog  are  occasionally  found  in  other  mammals.  An 
occasional  reappearance  is  what  might  be  looked  for  in  an  obsolete 
structure.  Sut,  exact  similarity  apart,  there  is  in  the  suprarenals  of  all 
mammals  a  zona  glomendosay  which  corresponds  to  the  cortical  zone 
above  described  ;  and  the  zona  glomerulosa^  being  subject  only  to  laws  of 
heredity,  and  not  to  laws  of  function,  may  be  considered  in  most 
mammals  to  have  lost  those  distinctive  features  which  survive,  for  un- 
explained reasons,  in  the  dog  and  horse.  Again,  as  regards  the  parallel 
structures  in  the  ovary,  they  are  seen  clearly  in  the  bitch,  are  indistinctly 
seen  in  the  cat,  and  are  not  to  be  distinguished  in  the  mare.  But  those 
differences  are  not  fatal  to  the  generalization,  and  explanations  are 
offered  of  them. 

In  the  second  section  of  the  paper  the  author  describes  the  resem- 
blance of  the  general 'intracortical  mass  of  the  suprarenal  to  another 
class  of  ovarian  structures,  viz.  corpora  ItUea.  The  corpora  lutea  here 
spoken  of  are  large  cellular  masses  of  very  definite  and  stable  struc- 
ture, occurring  at  various  points  in  the  ovary,  and  in  some  cases  of  so 
great  extent  as  to  transform  the  ovary  into  an  organ  of  altogether  new 
appearance.  Instances  are  referred  to  of  ovaries  from  the  mare  and 
bitch  in  which  corpora  lutea  seemed  to  have  greater  persistence  than  is 
nstudly  attributed  to  them,  and  it  is  held  that  the  prevalent  theory  of 
the  circumstances  of  their  formation  and  decay  is  not  comprehensive 
enough. 

Taking,  however,  the  corpora  ItUea  as  they  are  found,  and  directing 
attention  to  their  minute  structure,  they  have  the  following  points  of 
resemblance  to  the  intracortical  mass  of  the  suprarenal.  Both  struc- 
tures are  cellular  throughout,  and  the  individual  cells  are  the  same.  The 
oeUs  are  epithelial-like  and  polyhedric,  with  a  central  nucleus  and  a  wide 
zone  of  cell-substance.  The  cell-substance  in  both  cases  is  so  coarsely 
granular  as  often  to  resemble  the  vitellus  of  the  mammalian  ovum,  and 
in  both  cases  the  granular  protoplasm  is  sometimes  replaced  or  occu- 
pied by  a  vacuole.  The  one  point  of  difference  is  that  the  cells  of  the 
corpus  ItUeum  are  half  as  large  again  as  those  of  the  suprarenal  paren- 
chyma. The  second  point  is  that  the  cells  in  both  cases  are  set  in  a  fine 
meshwork  of  fibres  connected  with  the  waUs  of  the  capillaries.  Thirdly, 
there  is,  in  both,  the  same  radial  arrangement  of  blood-vessels  (capil- 
laries) from  centre  to  circumference.  Fourthly,  the  central  vein  or 
system  of  venous  lacunsa  of  the  suprarenal  has  its  counterpart  in  the 
corpus  lutcum.  Lastly,  there  are  points  of  resemblance  relating  to  the 
pigmentation  of  the  respective  structures. 

Although  it  is  not  essential  to  the  justice  of  the  comparison  that  the 
obsolete  Graafian  follicles  should  have  the  same  position  round  the  cir- 
cumference of  corpora  lutea  which  the  cortical  suprarenal  follicles  have 
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round  the  parenchyma  of  that  organ,  yet  there  is  to  be  seen  in  many 
preparations  a  curious  similarity  in  that  respect  also. 

The  present  communication  does  not  go  beyond  a  statement  of  points 
of  resemblance.  The  eorpva  ItUeum,  which  enters  so  largely  into  the 
comparison,  is  itself  as  much  an  unsolved  problem  as  the  suprarenal.  It 
may  be  said,  however,  to  afford  better  opportunities  of  study ;  and  if  the 
resemblance  above  outlined  be  a  resemblance  in  essentials,  a  sound  theory 
of  the  suprarenal  as  a  whole  will  probably  be  found  to  depend  upon  a 
sound  theory  of  the  corpus  luteum. 


December  13, 1877. 
Sir  JOSEPH  HOOKER,  K.C.S.I.,  President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

Among  the  Presents  was  a  transparent  positive  photograph  of  the  sun 
on  glass,  taken  at  Meudon  by  M.  Janssen,  For.  Mem.  B.S.,  and  pre- 
sented by  him  to  the  Society. 

Pursuant  to  notice  given  at  the  last  Meeting,  Maroellin  Berthelot, 
Joseph  Decaisne,  Emil  Du  Bois-Eeymond,  Adolph  Wilhelm  Hermann 
Kolbe,  Rudolph  Leuckart,  Simon  Newcomb,  and  Pafnutij  Tschebytschejv 
were  balloted  for  and  elected  Foreign  Members  of  the  Society. 

The  following  Papers  were  read : — 

I.  ''  On  Electrostrietion.''  By  Edmund  J.  Mills,  D.Sc.,  F.R.S., 
"  Young ''  Professor  of  Technical  Chemistry  in  Anderson's 
College,  Glasgow.     Received  August  7,  1877. 

If  the  bulb  of  an .  ordinary  thermometer  be  coated  chemicaUy  with 
silver,  and  then  electrically  with  a  metallic  deposit,  the  mercury  will 
traverse  some  portion  of  the  scale,  and  finally  take  up  a  definite  posi- 
tion, independently  of  temperature.  To  this  phenomenon  I  have  given 
the  name  eUctrostriction.  Of  the  metals  hitherto  worked  with,  copper, 
silver,  iron,  and  nickel  constrict  the  bulb ;  zinc  and  cadmium  distend  it. 

The  general  conditions  under  which  the  experiments  were  made  were 
as  follow : — A  thermometer  coated  with  silver  by  immersion  in  a  solution 
of  ammoniacal  argentic  tartrate  was  placed  vertically  near  a  bare  ther- 
mometer at  one  side  of  a  depositing  cell ;  the  anode  stood  at  a  distance 
of  11  centimetres.  The  bulbs  of  the  thermometers  were  about  their  own 
depth  below  the  surface  of  the  electrolyte ;  the  covered  one  was  turned 
half  round  at  every  comparison.    The  source  of  electricity  was  a  pint 
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Daniell's  cell,  having  a  porous  diaphragm,  and  the  circuit  included  a  gal- 
vanoscope.  Obserrations  were  made  at  definite  intervals  of  time,  imme- 
diately after  stirring  the  liquid ;  and  the  difference  between  the  two  scales, 
after  suitable  reduction,  was  registered  as  electrostrictive  effect.  The 
temperature  was  in  all  cases  the  unrestricted  temperature  of  the  labo- 
ratoiy. 

Copper. — ^The  thermometer  ("  454  **)  first  used  had  a  cylindrical  bulb, 
which  was  slightly  concave  towards  its  vertical  axis.  The  electrolyte 
consisted  of  the  ordinary  acidified  solution  of  cupric  sulphate,  containing 
ancic  sulphate. 

In  the  following  Table  the  column  below  ^  contains  the  time  in  hours ; 
that  below  y  the  number  of  scale-units  ('*  degrees  "  C.)  remaining  to  be 
traversed.  The  latter  are  compared  with  a  series  of  values  calculated 
from  the  equation — 


y =9-859  (•96363)'+ 1-358  (-71841)*. 

Tabus  I. 

X. 

y- 

yoalc. 

Temp. 

1 

10-520 

10-476 

ll-2 

2 

9-917 

9-856 

12-9 

3 

9-316 

9-325 

13-9 

4 

8-822 

8-863 

14-7 

5 

8-467 

8-452 

15-5 

6-5 

7-825 

7-907 

16-1 

8 

7-359 

7-427 

16-7 

9 

7-276 

7-133 

17-4 

10 

6-979 

6-856 

18-1 

48 

2-302 

1-665 

12-2 

Mean  temperature  15;0 

The  difference  between  experiment  and  calculation  in  the  hist  value 
of  y  is  doubtless  due  to  the  considerable  amount  of  stratification  observed 
in  the  electrolyte,  which  had  not  been  stirred  subsequently  to  the  last 
observation.  Omitting  this  result,  the  probable  error  of  a  single  com- 
parison of  the  calciilated  with  the  found  values  of  y  is  *056.  The  calculated 
total  ascent  is  11*22  scale-units.  By  continuing  the  preceding  experi- 
ment, but  with  two  Daniell's  cells,  for  28^  hours  longer,  10*933  units 
were  actually  attained. 

A  thermometer  (**  502 '^  having  a  very  nearly  spherical  bulb  was  next 
employed;  its  polar  axis  (a  line  representing  the  prolongation  of  the 
mercurial  thread)  measured  11*73  millimetres,  its  equatorial  axis  11*55 
millimetres.  This  instrument  was  prepared  in  the  same  manner  as  the 
preceding,  immersed  vertically  in  the  electrolyte,  and  turned  halfway 
round  every  half-hour.  Even  deposition  on  a  sphere  is,  under  such  cir- 
cumstances, out  of  the  question,  most  of  the  metal  being  precipitated  on 
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its  equatorial,  and  much  less  on  the  polar  regions.  The  registered  rise 
was  the  height  of  the  mercury  in  melting  ice.  After  the  twenty-second 
hour,  and  as  soon  as  the  scale  had  heen  read  with  the  kathetometer,  the 
mercury  rose  spontaneously  0*16  of  a  unit.  The  subsequent  observations 
are  accordingly  lessened  by  this  amount.    The  equation  is 


y=9-728  (-87074)'- 

-4-979  (-83117)' 

TableIL 

«. 

y- 

y  oale. 

Itmf. 

1 

4-613 

4-332 

16-2 

2 

3-996 

3-936 

16-6 

3 

3-556 

3-663 

16-8 

4 

3-270 

3-216 

16-7 

5 

2-941 

2-894 

16-5 

7 

2-321 

2-328 

15-5 

9 

1-816 

1-856 

14-7 

11 

1-462 

1-471 

12-7 

13 

1-242 

1159 

15-7 

15 

0-973 

0-909 

16-3 

17 

0-708 

0-710 

17-2 

19 

0-563 

0-653 

17-2 

21 

0-475 

0-430 

15-2 

23 

0-335 

0-332 

16-5 

25 

0-251 

0-267 

14-5 

Mean  temperature  15*8 
The  above  values  of  x  are  convertible  into  hours  by  multiplying  by  2. 

The  probable  error  of  a  single  comparison  of  theory  with  experiment  is 
•067.  After  the  fiftieth  hour  the  operation  was  left  unattended  for  2S 
hours,  when  an  additional  rise  of  *25  was  found  to  have  taken  place. 

On  other  occasions  an  ascent  of  12*87  was  obtained,  with  thermometer 
454,  in  twenty-four  hours,  the  thickness  of  the  deposit  being  approxi- 
mately '29  millimetre.  An  ascent  of  11*50  was  also  observed  with  ther- 
mometer 455,  the  thickness  of  metal  being  probably  not  less  than  a  mil- 
limetre. The  zero  of  thermometers  was  found  to  be  nearly  the  same  after 
electrostriction  and  stripping  as  at  first ;  it  had  not  risen  more  than 
0^*03. 

Silvers — -Thermometer  454,  slightly  coated  with  silver  by  electro-depo- 
sition, was  used  sin  the  following  experiments :  the  coating  was  &pst 
sand-papered  and  polished.  Observations  were  made  and  the  thermo- 
meter semirotated  every  half -hour  until  the  fifth  hour ;  the  electrolyte 
was  not  stirred  between  the  fifth  and  twenty-third  hours,  but  after  this 
interval  the  ordinary  course  of  observations  was  resumed.  The  equa- 
tion is — 
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y  « 10-826  (-96179)'  -I- 1-535  (-82044)-. 

TablbIIL 

X.  y,  jrcftlc  Temp. 

1  11-670 

2  11-010 

3  10-517 

4  10-062 
6  9-400 

23  4-358 

24  4-250 
25*       4-193 

Mean  temperature  18-4 

The  probable  error  o£  a  single  comparison  is  -047. 

Iron, — ^Tbe  bulb  of  thermometer  455  was  prepared  as  usual,  and  then 
coated  during  two  hours  with  copper.  Electro-deposition  of  iron  was 
next  proceeded  with,  and  the  following  results  recorded.  Between  the 
third  and  fourth  hours  a  slit  was  seen  to  form  at  the  bottom  of  the  bulb, 
and  graduaUj  extend  to  the  shoulder. 


11-671 

191 

11047 

19-7 

10-479 

20-2 

9-959 

20-6 

9-480 

20-7 

4-436 

161 

4-263 

15-7 

4-099 

16-3 

Table  IV. 

oun. 

Total  sMent 

TMnp. 

1 

0-883 

lf-6 

2 

1-775 

17-3 

3 

2-193 

17-4 

4 

1-648 

17-6 

It  must  be  extremely  diflScult  to  obtain  a  coating  of  iron  of  any  con- 
siderable thickness. 

iVtt^tfZ.— Thermometer  454  was  used.  The  anode  and  kathode  were 
95  millimetres  apart.  The  electrolyte  consisted  of  a  neutral  solution  of 
ammonio-nickelous  sulphate ;  the  anode  of  nickelous  carbide. 

Table  V. 


Hours. 

Total  ascent                    Temp. 

2 
3 

4 

5 

6 

24 

0-096                           18-6 
0-474                          19-2 
0-759                        19-8 
0-856                         20-6 
2-314                         19-8 

When  last  observed  the  deposit  had  split  outwards,  beginning  at  the 
side  opposite  the  anode. 

» llean  of  24-5  and  26-5. 
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Zinc. — Two  pint  Darnell's  cells  were  employed,  and  thermometer  454. 
The  results  were  as  follows : — 


TabmVI. 

Eotin. 

Total  deeoent 

Temp. 

0-6 

0-352 

12-4 

1-0 

0-308 

12-5 

1-5 

0-366 

12-7 

2-5 

0-404 

13-2 

3-6 

0-382 

13-8 

4-5 

0-574 

14-5 

47-0 

0-749 

11-6 

It  is  probable,  from  the  graphic  projection  of  these  numbers,  that  the 
descent  attained  after  the  forty-seventh  hour  would  have  been  little,  if 
at  all,  exceeded  by  prolonging  the  experiment. 

Cadmium, — ^The  conditions  were  those  of  the  preceding  set  of  obser- 
Tations. 


Tabt.h  VU. 

Honn, 

ToUl  deaoent. 

Tamp. 

1-0 

0-185 

150 

2-0 

0-274 

15-5 

3-0 

0-164 

15-8 

60 

0-166 

16-8 

23-5 

0-207 

16-3 

At  the  end  of  the  experiment  the  deposit  was  found  to  be  somewhat  cor- 
rugated, but  fairly  satisfactory.  The  electrolyte  had  the  disadvantage  of 
being  freshly  prepared,  and  not  having  been  continuously  worked  prior 
to  this  deposition. 

Value  of  the  ElectrostrieHve  Effect. 
In  order  to  ascertain  the  value  of  the  electrostrictive  effect,  thermo- 
meter 454  was  adjusted  in  a  water-pressure  apparatus  capable  of  indi- 
cating about  2|  atmospheres :  it  was  then  submitted  to  uniform  com- 
pression, and  the  resulting  ascent  of  the  mercury  in  its  stem  noted. 
Two  sets  of  observations  at  higher  pressures  showed,  after  the  usual 
reductions,  that  a  unit  of  scale  corresponded  to  8*2  and  8*5  atmospheres 
respectively ;  the  mean  is  8*3  atmospheres.  After  this  the  bulb  of  the 
instrument  was  unfortunately  broken,  while  preparing  it  for  considerably 
increased  compression.  I  have,  however,  little  hesitation  in  accepting 
this  result  as  a  datum  for  calculating  the  total  electrostrictive  effect  at 
much  higher  readings.  Similarly  with  thermometer  502,  a  depression  of 
0°*199  C.  was  caused  by  opening ;  this  would  correspond  to  5-03  atmo- 
spheres per  scale-unit.  Again,  ten  experiments  with  thermometer  455 
were  conducted  in  an  Andre\^s's  duplex  apparatus  (a  most  admirable 
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mBtrument  for  each  a  purpose),  at  pressures  yarying  from  49*4  to  133*6 
atmospheres.  Sj  these  it  was  found  that  a  scale-unit  corresponds,  in 
this  case,  to  9*44  atmospheres,  with  a  probable  error  of  0*1  atmosphere 
for  a  single  determination. 

The  above  data  have  led  to  the  construction  of  the  following  table. 


MeUL  Therm. 

Cadmium    454 

Zinc    „ 

Nickel    „ 

Iron    „ 

Silver „ 

Copper    „ 


Table  VIII. 

Effect 
Distension 

» 
Compression 


602 
466 


in  Boale-units. 
0*274 
0*749 
2-314 
2*193 
8-006 

10*933 

12*87 

14*707* 

11*60 


Extreme  effect 


in  atmoepheret. 

2*3 

6*2 

19*2 

18*2 

66*4 

90*7 

106*8 

74*0 1 

108*6 


It  thus  appears  that  the  extreme  force  at  work  on  the  bulbs  must  have 
been  very  considerable. 

Svhsidiary  Eofperiments  and  Remarht. 

(1)  An  instrument  having  a  general  resemblance  to  a  thermometer  was 
constructed  with  a  cylindrical  caoutchouc  bulb,  about  30  millimetres  long 
by  11  millimetres  wide.  The  bulb  was  rendered  conductive,  and  then 
made  a  kathode  in  the  copper  bath  already  referred  to ;  it  was  frequently 
turned  half  round.  In  the  course  of  a  day  it  had  become  coated  with  a 
sufficiently  thick  layer  of  metal,  and  had  then  undergone  most  palpable 
collapse.   We  have  here,  therefore,  a  real  case  of  local  constrictive  effect. 

(2)  Two  flat  microscopic  slides  of  the  usual  size  were  silvered  chemically 
and  then  made  the  kathode  in  a  similar  circuit.  After  twenty-four 
hours,  the  deposited  copper  on  both  slides  was  found  to  be  arched  down- 
wards and  inwards,  towards  the  anode ;  the  deposits  were  in  fact,  owing 
to  their  contiguity,  to  a  great  extent  united.  The  upper  parts  of  the 
deposits  had  torn  themselves  away  from  the  glass ;  and  two  close  parallel 
lines  cut  through  the  silver  of  one  of  the  plates  had  the  copper  between 
them  curled  inwards  like  a  gutter.  From  this  evidence  it  was  inferred 
that  the  cylindrical  deposit,  if  cut  in  the  direction  of  its  length,  would 
spring  open.  Such  was  found  to  be  actually  the  case  even  with  the 
copper  deposited  on  the  caoutchouc  bulb ;  and  to  a  still  greater  extent 
with  copper  overlying  some  of  the  same  caoutchouc,  where  that  material 
was  stretched  over  a  glass  shoulder  for  the  purpose  of  fastening,  and 
there  did  not  admit  of  collapse.  The  opening  backwards  of  nickel  and 
iron  films  has  already  been  noticed. 

*  Oaloolated.       t  This  number  may  be  wrong  in  either  direction  by  \\  atmosphere. 
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(3)  The  electrostrictiye  effect  brings  yiyidlj  to  the  mind  tfie  ordinary 
phenomenon  of  contraction  during  cooling— differing,  perhaps^  bat  Htito 
from  that  phenomenon,  except  in  the  drcnmstanoe  that  it  is  brought 
about  without  necessary  change  of  temperature.  The  electrolyte  is,  in  a 
manner,  a  melted  metal.  This  view  did  not,  of  course,  admit  of  experi- 
mental illustration  in  the  case  of  the  metals  to  which  reference  has  been 
made.  It  was^  howeyer,  conceived  that  substances  other  than  metallic 
should  yield  the  result  in  question,  and  a  specimen  of  hard  paraffin  was 
selected  for  trial.  This  was  heated  to  a  point  not  far  from  that  of 
fusion,  and  thermometer  454  was  dipped  into  it  several  successiTe  times. 
The  following  table  shows  the  constriction  obtained. 


No.  of  dip. 

Total  ascent. 

Xem) 

1 

•256 

49 

2 

•444 

30 

3 

•633 

— 

4 

•447 

30 

5 

•369 

30 

6 

•321 

30 

These  results  were  confirmed  by  a  second  set  of  experiments.  In  each 
set,  the  coating  of  paraffin  was  found  to  he  vertically  fissured  before  the 
conclusion  of  the  observations ;  this  accounts  for  the  gradual  diminution 
of  the  effect. 

(4)  Electrostricting  metal  appears  to  be  in  a  partially  unstable  condition. 
Thus  a  decided  &11  is  observable  in  a  coated  thermometer  after  the 
deposit  hai9  had  its  surface  disturbed  by  sand-papering  or  filing;  this 
was  noticed  both  with  sDver  and  copper.  On  the  other  hand,  the  con- 
strictive effect  is  increased  by  heating  the  deposit  to  100°,  or  by  keeping 
in  ice.  Thermometer  C,  for  example,  having  had  its  zero  raised  electro- 
strictively  to  3°*52,  showed  an  elevation  to  6^00  after  heating  for  ten 
minutes  to  100®,  afterwards  falling  permanently  to  4®*86.  Thermometer 
50  had  its  zero  raised  in  a  similar  manner  to  1°*87;  this  was  increased  to 
2®*96  by  a  temperature  of  100°.  In  another  experiment  with  the  same 
thermometer,  a  like  increase  from  0°-65  to  0°'79  was  recorded ;  the  latter 
number  rose  spontaneously  to  0°*90  in  the  course  of  six  months.  Again, 
two  similar  thermometers  (103  and  104)  were  electrostricted  at  about 
10®  C,  and  the  zero  was  found  to  rise  by  heating,  as  before.  The  zero  of 
103  then  fell  gradually,  during  nine  months,  from  4°-73  to  4°-37 ;  that 
of  104  fell  during  two  months  from  2®-01  to  l°-80,  and  then  rose  during 
seven  months  to  2°'14.  Thermometer  101,  made  exactly  on  the  same 
pattern,  but  left  uneoated,  exhibited  the  usual  continuous  ascent  of  zero 
during  the  same  period,  viz.  from  0°'07  to  0®'31  in  nine  months.  AU 
three  thermometers  showed  identical  and  normal  readings  at  lOO*'.  Facts 
like  these  prove  that  the  nature  of  the  deposit  requires  further  elucida- 
tion.   In  any  case  the  best  evidence  of  electrostrictive  efkct  is  gained, 
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^th  copper  at  least,  at  the  melting-point  of  ice ;  and  it  is  not  improbable 
that  copper  deposited  at  or  near  100°  would  not  show  any  such  effect  at 
any  temperature.  One  circumstance  may  be  mentioned  as  bearing  on 
this  point,  yiz.  that  the  electrostrictiye  effect  is  greater,  and  more  rapidly 
produced,  at  the  winter  temperature  than  at  that  of  summer.  It  may 
be  added  that  soft  metallic  dq[>06its  are,  as  a  rule,  obtained  from  heated 
electrolytes. 

(5)  Uniform  external  pressure  on  a  cylinder  takes  effect  chiefly  on  the 
diameter,  and  less  on  the  length ;  andi  these  results  are  practically  in- 
dependent of  each  other  *.  If  we  conceive  such  pressure  to  be  produced 
by  the  electric  depositicm  of  successive  layers  of  metal  (as  was  actually 
the  case  with  thermometer  502),  it  seems  reasonable  to  suppose  that 
each  of  the  layers  will  have  nearly  the  same  constrictive  effect.  But  the 
first  layer  constricts  the  bulb  alone ;  the  second  constricts  the  first  also ; 
the  third  its  predecessors,  and  so  on.  Hence  the  observed  effect  upon 
.the  bulb  should  diminish  at  compound  interest.  If  ^  be  the  total 
obtainable  effect  after  a  time  ^,  D  the  portion  of  it  due  to  diametral 
constriction,  L  the  portion  of  it  due  to  longitudinal  constriction,  and 
d  and  I  the  respective  geometric  factors,  we  have,  in  the  case  of  the 
cylindrical  thermometer, 

y=Dcf+I/, 

D  being  always  greater  than  L.  On  the  other  hand,  the  spherical 
thermometer  necessarily  receives  more  metal  upon  its  equatorial  region 
than  can  be  deposited  above  or  below,  that  region  being  nearer  to  the 
anode ;  and  the  longitudinal  constrictive  action  must  tend  to  bulge  the 
equatorial  part,  opposing  the  constriction  at  work  there. 
Hence  we  have,  for  the  sphere, 

y=Dcf-l/, 

D  being  the  greater  as  before.  Nevertheless  it  appears  probable  that  in 
both  cases,  at  the  early  stage  of  deposition,  the  difference  between 
diametral  and  longitudinal  compression  is  but  slight,  not  having  yet  been 
much  multiplied  by  the  increased  stress.  Hence,  during  that  period,  an 
equation 

y^Bd 

may  doubtless  more  accurately  represent  the  experimental  results. 
Subject  to  this  and  some  other  minor  considerations  (the  close  discussion 
of  which  would  be  out  of  place  in  mere  indicative  work)  there  is  a  fair 
agreement  between  theory  and  experiment.  The  probable  error,  in  fact, 
of  a  single  observation  does  not  on  the  whole  exceed  *053  of  a  scale- 
unit,  being  about  -4  per  cent,  on  the  total  quantity  determined ;  and  this 
reduces  to  less  than  '3  per  cent.,  if  we  exclude  the  first  comparisons 
made  at  a  lower  temperature,  in  Table  I. 

*  Ewrbsirn,  Phil.  Trans.  1868,  p.  404. 
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(6)  We  have  seen  in  (4)  that  metals  may  be  deposited  on  a  tiierma- 
meter  bulb  and  then  deprived  of  a  determinate  part  of  their  electro- 
strictiye  power,  and  that  there  is  an  experimental  possibility  of  deposit- 
ing them  with  none  of  this  effect.  We  are  therefore  in  a  position  to 
compare,  one  with  the  other,  the  two  states  of  the  same  metal.  The 
electrostricted  metal  (submitted,  as  may  have  been  the  case,  to  more  than 
a  hundred  atmospheres'  compression)  must  oppose  the  effect  of  a  solvent 
much  more  than  that  which  is  soft  and  no  longer  the  subject  of  electro- 
striction.  In  other  words,  a  gramme  of  the  former  should  require  more 
of  a  reagent  to  dissolve  it  than  should  the  latter,  under  the  same  con- 
ditions. Sut  this  excess  corresponds  to  a  known  amount  of  electro- 
strictive  effect,  which,  again,  is  known  in  atmospheres  pressure.  We 
ought  therefore  to  be  in  a  position  to  measure  chemical  effect  in  atmo- 
spheres pressure. 

My  best  thanks  are  due  to  Professor  Sir  William  Thomson  for  the 
loan  of  an  Andrews's  apparatus;  to  Professor  George  Forbes,  for  a 
pressure  machine ;  and  to  Mr.  W.  H.  Walenn  for  much  practical  advice 
in  connexion  with  electro-metallurgy. 


II.  ''The  Examination  of  Air."    By  B.  Angus  Smith,  Ph.D., 
P.B.S.     Beceived  August  11,  1877. 

It  is  now  many  years  since  I  first  began  to  examine  air  so  as  to  obtain 
decidedly  those  bodies  which  have  from  the  earliest  times  been  sup- 
posed to  exist  in  it,  bringing  with  them,  on  certain  occasions,  some 
of  the  worst  results.  About  eight  years  ago  (that  is,  in  1869),  after 
giving  a  short  summary  of  some  of  my  work  in  the  Journal  of  the 
Scottish  Meteorological  Society,  I  used  these  words : — "  For  a  satis&ctory 
investigation  of  the  subject,  one  must  look  to  the  multiplication  of  these 
experiments,  and  perhaps  to  the  establishment  of  a  department  at  some 
Observatories  for  Chemical  Climatology  and  Meteorology.'* 

Afterwards,  in  1872, 1  published  an  octavo  volume  on  Chemical  Clima- 
tology, embodying  many^of  my  results,  and  intended  to  be  a  beginning  of 
work  to  be  continued  by  a  public  body.  Indeed  some  of  the  work  was 
done  whilst  I  was  acting  under  the  Government  and  was  published  in 
Government  Beports.  It  was  often  my  intention  to  begin  a  movement 
which  might  result  in  a  fuller  recognition  of  the  claims  of  Chemic^ 
Climatology ;  but  I  have  not  gone  further  than  speaking  of  it  to  Mr. 
Scott,  and  proposing  it  to  the  Local  Government  Board,  since  the 
time  when  I  published  the  proposal  alluded  to ;  at  least  I  may  say  I 
have  not  gone  further  in  a  distinct  public  manner. 

I  should  have  been  glad  had  my  work  caused  in  this  country  a  beginning 
such  as  has  been  made  lately  at  the  observatory  of  Mont  Souns,  at  Paris,  or 
at  least  resembling  it ;  and  I  blame  myself  for  not  pushing  forward  the  idea. 
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although  my  numerous  engagements  may  well  form  a  kind  of  apology. 
My  present  object  is  partly  to  draw  attention  to  the  &ct  of  my  proposal 
and  not  to  let  it  be  forgotten,  and  it  is  also  combined  with  another  object, 
namely,  to  speak  of  methods  of  study  or  experiments  which  have  been  tried. 

In  obtaining  specimens  of  any  soluble  or  insoluble  body  from  the 
atmosphere,  1  ha?e  washed  the  air  with  pure  water — ^that  is,  1  have  shaken 
the  water  in  a  yessel  of  the  air  to  be  examined. 

The  other  method,  chiefly,  and  I  may  almost  say  universally,  used, 
except  by  me,  has  been  to  pass  the  air  through  water. 

It  is  of  great  importance  to  obtain  the  characteristics  of  each  method. 
It  is  now  many  years  since  I  passed  air  through  water  for  three  months 
and  obtained  so  little  of  a  result,  that  I  gave  up  the  matter  for  some 
time  in  despair.  I  passed  air  which  I  knew  to  contain  acid  and  salts 
through  water ;  but  I  obtained  scarcely  any  of  either,  and  I  afterwards 
found  both  in  the  tubes  through  which  the  air  passed  before  entering 
the  water.  This  little  incident  made  an  era  in  all  my  inquiries.  I  tried 
minutely  pointed  tubes,  but  did  not  succeed,  and  for  the  same  reason,  or 
rather  for  that  and  an  additional  reason,  viz.  the  minuteness  detained 
the  air  longer  in  the  tubes,  and  the  result  was  worse. 

A  considerable  number  of  smaU  holes  pierced  in  a  bulb  at  the  end  of 
a  glass  tube  having  been  recommended,  I  obtained,  by  the  kindness  of 
Mr.  Dixon,  of  Glasgow,  a  few  which  he  had  got  made  in  a  beautiful  and 
ingenious  manner.  I  knew  from  my  previous  results  that  the  success 
would  be  imperfect ;  but  I  thought  it  well  to  try  any  new  method  and  to 
overlook  all  my  work,  quite  willing  to  find  that  I  had  been  doing  in  a 
laborious  and  imperfect  manner  that  which  could  have  been  done  with 
ease  and  rapidity.  I  did  not  find  that  Nature  had  altered  her  habits 
since  my  previous  and  numerous  trials  ;  but  I  found  that  the  small  holes 
prevented  still  more  the  exit  of  particles  which  floated  in  numbers  in 
the  bulbs. 

The  tubes  retain  not  merely  visible  particles  but  those  invisible,  although 
by  accumulation  some  of  the  latter  also  become  visible,  and  give  a  turbid 
character  to  the  liquid  or  a  dimness,  according  to  the  amount  of  moisture 
and  the  hygrometric  character  of  the  substances. 

The  washing  of  the  air  is  laborious,  because  the  water  must  be  shaken 
up  violently  within  the  bottle.  In  order  to  refill  the  bottle  with  air,  an 
air-pump  must  be  used  until  the  required  point  is  obtained  on  the  mercury 
gauge,  this  being  found  to  indicate  a  known  amount  of  air,  which  is  now 
allowed  to  enter  so  as  to  be  washed  exactly  as  the  former  quantity.  To 
obtain  the  hydrochloric  and  sulphuric  acid  only  in  the  air  of  Manchester, 
this  operation  must  be  repeated  fifty  times ;  with  some  pure  air  as  much 
as  200  bottles  have  been  used.  It  is  not  to  be  supposed  that  in  such 
laborious  measurements  the  fullest  accuracy  is  attained ;  but,  as  I  have 
said  elsewhere,  at '  least  good  comparative  resultB  are  found.  I  know 
well  the  great  importance  of  obtaining  a  ready  method,  and  I  am  not 
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surprised  at  others  clingiDg  to  it,  even  when  imperfect ;  bat  it  is  no  less 
important  that  I  should  give  my  experience. 

For  ordinary  cases  I  obtain  sufficiently  accurate  results  by  apparently 
less  exact  measurements.  With  carbonic  acid  it  may  be  possible  to  use 
aspiration  with  good  results,  because  this  acid  does  not  adhere  to  ^e 
tubes ;  and  by  an  increase  of  bottles  for  absorption  all  may  be  safe ;  but 
the  increase  of  absorbing  vessels  is  troublesome. 

With  salts  and  acids,  such  as  hydrochloric  and  sulphuric,  the  difficulty 
of  absorption  is  not  so  great ;  but  the  adherence  to  the  tubes  is  remark- 
able, and  there  is  no  hope  of  any  good  result  without  washing  out  the 
tubes  which  give  a  passage  to  the  air. 

With  organic  substances  both  the  difficulties  occur,  adherence  to  the 
tubes  and  passage  through  the  solutions.  I  doubt  if  it  is  possible  to 
wash  out  the  tubes  sufficiently ;  in  such  cases,  the  result  is  worse  accord- 
ing to  the  length  of  the  passage.  I  have  tried  various  ways  to  over- 
come the  difficulty,  but  have  found  only  one  way,  and  that  is  a  very 
laborious  one.  These  points  have  long  been  known  to  me,  and  for  some 
time  have  been  spoken  of ;  but  I  add  a  few  results  so  as  to  impress  them 
on  others.  The  importance  of  having  a  chemical  departm^ent  to  our 
observatories  cannot  be  long  overlooked. 

Bellows  pump  and  shaking  compared  with  aspiration  and 
rose-ended  tubes. 

(Air  at  back  of  Devonshire  Street,  Manchester.) 

Aipiration, 
Tolumee  CO,  per  million  Tolumee  air. 

EXPERIMKHT  1. 

let  bottle  gave  89 

.     2nd        „  63 

3rd        „  68 

Total 210  in  series  of  3  bottles. 

£xFSmiMBHT2. 

let  bottle  gave 24 

2nd        „  15 

Srd        ,.  13 

Total 52  in  series  of  3  bottles. 

EXPERIICSKT  3. 

let  bottle  gave 52 

2nd        „         22 

3rd        , 35 

Total 109  in  series  of  3  boUleai 

EzpERniBirT  4. 

Ist  bottle  gave 41 

2nd        „  17 

Srd         „  63 

4th         „  35 

4C9  vols.  COj,  per  million  toIs.  air  by  

""  "  D«-  Total 146  in  series  of  4  bottks. 
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These  results  are  very  irregular.  It  was  thought  that  the  solution  of 
barium  hydrate  used  was  rather  weak.  With  a  much  stronger  solution 
the  following  experiments  were  made. 

AspircUion, 
YolumeB  00^  per  million  Tolomes  air. 

ExPKBIinRfT  5. 

IstboiUegaye 80 

2nd        02 

3rd        , 62 

4th         „  53 

5th         „  18 

6th        „  45 

Total 320  in  series  of  6  hottles. 

EXPKRIMKNT  6. 

let  hottle  gave 115 

2nd        „  71 

drd         t,  66 

4th         „  62 

5th         „  62 

6th        „  62 

320  is  low  for  Manchester ;  438  is  pro-  

bably  correct  for  the  spot  tried.  Total 438  in  series  of  6  hottles. 

It  is  clear  from  these  experiments  that  a  series  of  three  washing- 
bottles  containing  barium  hydrate  are  not  sufficient  to  absorb  the 
carbonic  acid  from  the  air  aspirated  through  them ;  with  a  series  of  six 
bottles  it  is  troublesome  to  work,  but  more,  and  perhaps  all,  is  obtained. 
Equal  speeds  are  compared  here  and  equal  solutions.  With  the  three 
absorbents  the  strong  baryta  solution  gave  still  too  little. 

Sulphuric  Acid  (Sulphates)  in  the  air. 


1876. 

By  shaking. 

Aspiration  with 
3  wash-bottles. 

Grammes 
per  million 
cub.  metres. 

Qndns 

per  million 

cub.  feet. 

Grammes 
per  million 
cub.  metres. 

Grains 

per  million 

cub.  feet. 

Yard :  Not.  10,  dear  afternoon   ... 
„          „      11,  fine,  frosty  morning 

from  rain......... 

3482 
4352 

4352 
4352 
2611 
3482 

1521 
1902 

1902 
1902 
1141 
1521 

4612 
1731 

3458 
4612 
2017 
3991 

2015 
756 

1511 

2011 

881 

1744 

„     14,  ditto,  ditto 

Laboratory :  Nor.  24  

a                     »» 

ATerage 

8772 

1648 

3253 

1486 
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There  is  one  very  irregular  result,  probably  some  aoddent ;  but  I  had 
no  proof  of  such,  and  it  is  therefore  retained. 

Hydrochloric  Add  (Chlorides)  in  the  air. 


DeYOiuhire  Street,  Manchester, 
1876. 

^7  shaking. 

Aspiration,  3  bottlea. 

Grammes 
per  million 
cub.  metres. 

Grains 
cub.  feet. 

Grammes 
per  million 
cub.  metres. 

Grains 

per  million 

cub.  feet. 

Tard:  Not.  10,  clear  afternoon 

,,         f,     11,  fine,  frosty  morning 

„         „     13,  raining;   sheltered 
from  rain 

779 
233 
389 

389 
273 

340 
102 
170 

170 
119 

i 

206 

51 

206 

309 
103 

90 
22 
90 

135 
45 

„         „     14,  same  remarks  

Laboratory:  Not.  24  

ATerage 

412 

180 

176 

76 

Gktses  purposely  mixed  with  air. 


Grammes 
per  million 
cub.  metres. 


By  shaking. 


Grains 

per  million 

cub.  feet 


Grrammes 
per  million 
cub.  metres. 


Aspiration,  3  bottles. 


Grains 

per  million 

cub.  feet. 


Ammonia  (till  slight  smell).. 

If                   t» 
Hydrochloric  add 


1866 

776 

1415 

1012 


815 
339 
618 
442 


1744 

680 

1031 

1010 


762 
297 
450 
441 


"  Free  Ammonia"  in  air. 


By  shaking. 

Aspiration,  3  bottles. 

Grammes 
per  million 
cub.  metres. 

Grains 

per  million 

cub.  feet 

Grammes 
per  million 
cub.  metres. 

Grains 

per  million 

cub.  feet 

Manchester,  Dec  2,  1876.    Dull, 
damp  morning 

93 

41 

70 

ao 
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- 

By  diaking. 

Aspiration. 

Grammes 
per  million 
cub.  metres. 

Grains 

per  milKon 

cub.  feet. 

6h*amme8 
per  million 
cub.  metres. 

Grains, 
per  million 
cub.  feet. 

Manchester,  Dec.  2,  1876:    dull, 
damp  morning  

160 
169 

70 
69 

63 
124 

23 
64 

Ditto,  Dec.  4 :  raining 

I  have  not,  in  my  usual  experiments,  separated  the  solid  particles  of 
the  air,  because  we  must  breathe  them.  It  was  thought  better  to  examine 
them  by  what  is  called  Wanklyn's  process  for  organic  nitrogen.  My 
reason  for  that  is  given  elsewhere.  I  never  did  receive  it  as  a  method  of 
obtaining  all  the  nitrogen  in  every  substance;  but  I  did  receive  it, 
and  do  so  still,  as  a  method  of  obtaining  the  ammonia  of  that  which  is 
easily  decomposed ;  and  only  such  substances  are  capable  of  producing 
fermenting  disease  according  to  theory. 

No  other  person,  so  far  as  I  know,  has  entered  on  this  part  of  the 
subject ;  and  it  is  the  more  interesting,  as  I  have  suiEciently  shown  that, 
in  the  places  examined,  the  organic  ammonia  has  been  in  intimate  rela- 
tion with  the  gross  death-rate.  At  the  same  time  I  do  not  find  by  this 
method  the  form  of  organic  matter  in  the  air.  It  may  be  tru^  that 
oxygen  is  the  prime  mover,  in  man  producing  animal  life — a  favourite 
idea  for  a  chemist;  but  it  may  also  be  true  that  minute  organisms  cause 
a  peculiar  class  of  decomposition  connected  with  mental  or  other  activity, 
diseased  or  otherwise. 

But  my  present  object  is  explained. 


III.  ''On  a  Cause  for  the  Appearance  of  Bright  Lines  in  the 
Spectra  of  Irresolvable  Star-Clusters.''  By  E.  J.  Stone, 
M.A.,  P.R.S.,  Her  Majesty's  Astronomer,  Cape  of  Good 
Hope.     Received  August  13,  1877. 

In  the  *  Proceedings '  of  the  Boyal  Society  for  1877,  April  26^  there  is  a 
short  paper  by  Mr.  Huggins,  in  which  S(Hne  views  of  mine  on  this  subject 
are  called  in  question.    Mr.  Huggins's  objections  are  threefold  : — 

1.  "  There  are  not  found  in  the  spectra  of  different  nebulae  the  dif- 
ferences of  relative  brightness  of  the  bright  lines  and  of  the  continuous 
spectrum  whicji  would  be  expected  on  Mr.  Stone's  hypothesis. 

2.  **  The  star^clusters  which  are  just  within  the  resolving-power  of  the 
largest  telescope  do  not  give,  even  faintly,  a  spectrum  of  bright  lines. 
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8.  ''The  same  bright  lines  appear  to  be  common  to  all  the  nebula 
which  give  a  bright-line  spectrum.  On  Mr.  Stone's  view,  differences  in 
the  constitution  of  the  enclosing  atmospheres  of  different  star-groups 
would  be  probable.'' 

Upon  the  first  point  I  must  remark  that,  after  an  examination  of  the 
spectra  of  the  nebuUs  of  Orion  and  i|  Argiis,  I  am  not  of  Mr.  Huggins's 
opinion. 

The  second  point  appears  to  me  confirmatory  of  mj  yiews.  The 
irresolvahility  that  I  contemplate,  as  connected  with  bright-line  spectra, 
does  not  arise  from  the  sensible  vanishing  of  the  angles  subtended  by  the 
distances  between  the  isolated  stellar  masses  of  the  cluster.  In  this  case 
t^e  spectra  would  be  continuous.  In  my  paper  in  the  ^  Proceedings '  for 
April  19, 1  state  this  point  as  follows : — *'  The  linear  spectrum  can 
only  appear  when  the  resolvability  of  the  cluster  is  at  least  injuriously 
affected  by  the  light  of  the  gaseous  envelopes  becoming  sensibly  propor- 
tional to  that  from  the  stellar  masses,  and  in  the  majority  of  such  cases 
it  would  only  be  in  the  light  from  the  irresolvable  portions  of  the 
cluster  that  bright  lines  could  be  seen  in  the  spectrum.''  By  irresolva- 
bilify  I  here  mean  something  independent  of  the  power  of  any  particular 
telescope  used. 

With  respect  to  Mr.  Huggins's  third  objection  I  must  remark  that  the 
difficulty  is  neither  greater  nor  less,  whether  my  views  be  accepted  or 
rejected.  It  cannot  be  more  difficult  to  conceive  that  the  same  gas  is 
present  and  predominant  in  certain  isolated  stellar  clusters  than  that  it 
is  present  and  predominant  in  certain  isolated  irregular  masses. 

With  respect  to  the  objection  which  appears  to  have  been  raised  by 
Professor  Stokes, "  that  in  a  star-cluster  in  which  the  stars  are  surrounded 
by  self-luminous  atmospheres,  the  proportion  between  the  sum  total  of 
the  light  from  the  stars  and  the  light  from  the  atmospheres  will  be  in- 
dependent of  the  distance  of  the  cluster  from  us."  Such,  no  doubt, 
would  be  true  in  the  kind  of  clusters  Professor  Stokes  has  in  contempla- 
tion. I  have,  rather  unfortunately,  in  my  paper  of  April  19,  spoken  of 
a  ''dose  stellar- duster,"  without,  perhaps,  explaining  with  suffident 
deamess  that  the  comparative  closeness  to  which  I  refer  is  not  optical 
but  linear.  The  clusters  I  contemplate  are  only  dose  in  the  sense  that 
the  individual  stellar  masses  must  be  dose  enough  to  destroy  the  isolation 
of  the  vaporous  surroundings,  and  thus  give  rise  to  a  gaseous  envelope 
continuous  over  the  whole  or  over  portions  of  the  stellar  duster.  I  am 
quite  aware,  theoretically,  as  well  as  from  experiment,  that  the  spectra 
of  many  dusters,  however  much  they  may  be  condensed  to  a  centre,  must 
be  continuous  and  not  linear.  In  fact,  according  to  my  views,  the 
question  whether  a  duster  which  was  irresolvable  with  our  present 
optical  means  would  give  a  continuous  or  linear  spectrum,  would  depend 
on  whether  the  irresolvability  resulted  from  the  vanishing  of  its  linear 
dimensions,  or  from  the  light  of  the  stellar  masses  in  any  given  direction 
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having  become  safficientlj  enfeebled  in  ootnparisoa  with  the  light  of  the 
intercepted  area  of  the  gaseous  envelope.  The  continuoasness  of  the 
gaseous  envelope  I  contemplate  is  a  physical,  not  a  mere  optical,  con- 
tinuity. 


Let  A  and  B  be  two  of  the  stars  of  such  a  cluster,  0  D  a  section  of 
the  dispersed  gaseous  envelope  enveloping  the  cluster. 

Then  the  light  falling  within  the  solid  angle  at  O  may  be  considered  to 
arise  from  the  star  A  and  the  area  C  D  of  the  gaseous  envelope. 

Suppose  the  system  removed  to  a  greater  distance.  The  light  from 
the  star  A  is  diminished  in  the  proportion  of  the  inverse  square  of  the 
distances,  while  that  from  C  D  is  sensibly  equal  to  that  from  CD'.  The 
question,  therefore,  whether  such  a  cluster  would,  according  to  my  views, 
end  in  becoming  a  nebula  or  a  mere  optical  cluster,  would  depend  upon 
-whether  it  would  be  possible,  with  any  supposed  distribution  of  stellar 
masses  and  vaporous  envelopes,  to  diminish  the  brightness  of  the  star  A 
below  that  given  by  the  intercepted  area  C  D  of  the  enveloping  surface, 
before  the  star  B  has  been  brought  to  strengthen  the  beam  of  light  which 
gives  the  continuous  s|>ectrum.  In  the  one  case  we  should  have  absolute 
irresolvability  at  that  and  all  greater  distances  with  any  optical  means  at 
our  disposal ;  in  the  other  irresolvability,  which  might  become  resolv- 
ability  with  increase  of  optical  power.  The  case  of  two  stars  is  of  course 
only  taken  for  simplicity;  it  is  the  proportional  increase  in  other 
cases  which  has  to  be  considered.  I  have  chiefly  had  in  contemplation 
nebulsB  like  those  of  Orion  and  17  Argiis,  which  extend  over  large  angular 
distances ;  but  at  great  distances  such  nebulie  might  assume  the  character 
of  planetary  nebulae.  I  see  no  difficulty  in  conceiving  stellar  clusters  such 
as  those  I  contemplate,  which  would  give  rise  to  bright-line  spectra ;  and 
I  believe  that  the  more  the  matter  is  examined  the  larger  will  be  the 
number  of  fact«  which  will  be  found  to  group  themselves  aroimd  the 
hypothesis  which  I  have  suggested. 

IV.  "Experimental  Eesearches  on  the  Electric   Discharge  with 
the  Chloride-of-Silver  Battery.— Part  I,"     By  Warren  Db 
La  Rue,  M.A.,  D.C.L.,  F.R.S.,  and  Hugo  W.  Muller,  Ph.D., 
F.R.S.     Received  August  23,  1877. 
(Abstract.) 
In  the  Journal  of  the  Chemical  Society,  November  1868,  we  first  pub- 
lished an  account  of  the  "  Chloride-of-Silver  Battery.''    Since  1874  we 
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have  oommenced  working  with  it  sjstematicallj,  and  have  graduall j  aug- 
mented the  number  t)f  cells ;  we  now  possess  8040  in  actual  work,  and 
have  2680  more  completed,  but  not  charged  with  fluid.  Amongst  the 
8040  cells  now  in  use  are  the  first  1080  constructed  in  1874,  experiments 
with  wUdb  w»  dMefibed  m  tiie  S4th  I^abraaiy,  1875^  Bnbeequentlj 
from  time  to  tnie  we  haye  commuaifiated  to  the  Soeietj  wmatd  of  the 
results  we  hare  arriTed  al»  asd  in  tiM  detailed  coennwriration  ol  which 
the  pretest  is  a  Aort  abstmet  we  baie  giren  the  foU  partieolars  of  our 
experiieMite.  The  paper  in  qumtion  deals  aMunly  with  the  starikiDg- 
distance  between  tewniiiale  ol  eMforcnt  fonns  in  air  and  in  other  gases  at 
ordinary  atmospheric  pressures,  and  in  air  at  reduced  pressures  short  of 
the  partial  vacua  of  the  so-called  vacuum  tubes.  Besides  these  experi- 
ments the  paper  describes  the  efEects  of  currents  of  high  tension  in 
inducing  secondary  currents,  and  also  their  effects  in  inducing  mag- 
netism. 

We  have  found  that  the  discharge  of  the  battery,  with  one  or  two 
poles  in  the  form  of  a  point,  presents  several  interesting  phenomena 
which  precede  the  true  jump  of  the  spark,  and  which  do  not  occur 
with  other  forms  of  terminals — for  example,  disks  or  spherical  sur&ices. 
With  8040  cells  the  striking-distance  between  a  paraboloidal  point,  posi- 
tive, and  a  disk  is  about  0*34  in.  (8*64  millims.) ;  but  there  is  always  a 
luminous  discharge,  very  apparent,  far  beyond  the  distance  measurable 
by  our  micrometer-discharger,  namely  1*16  inch  (29*5  millims.),  as  we 
have  before  stated  t. 

The  current  which  passes  during  the  luminous  discharge  which  pre- 
cedes the  jump  of  the  true  spark  is  extremely  feeble  in  comparison  with 
that  which  takes  place  after  the  spark  has  passed  and  the  voltaic  arc  has 
formed ;  even  when  the  point  and  disk  are  not  more  distant  than  *02 
inch  beyond  the  striking-distance  (0*34  inch)  for  8040  elements,  it  is  only 
T^Vt  P*ri;  of  it ;  moreover  the  current  is  diminished  to  yiriffff  ^^  ^^*  ^^ 
the  arc  when  the  point  and  disk  are  1*16  inch  distant. 

The  appearance  of  the  discharge  is  very  different,  according  as  the 
point  is  positive  or  negative ;  it  is  intermittent  in  both  cases,  but  is  much 
less  discontinuous  when  the  point  is  negative  than  when  it  is  positive,  as 
can  be  seen  with  a  microscope  having  a  rotating  mirror  placed  in  the  bend 
of  the  body,  between  the  objective  and  eyepiece.  The  appearances 
observed  are  shown  in  the  wood  engravings  which  illustrate  the  paper. 

When  a  point  and  a  disk  1*5  inch  diameter  are  used  as  terminals,  and  a 
band  of  glazed  writing-paper  1*5  inch  wide,  and  say  0*00425  inch  thick, 
is  pboed  on  the  disk,  a  very  strong  adhesion  of  the  paper  to  the  disk 
taker  place,  and  it  requires  a  very  strong  pull,  when  8040  cells  are  em- 
ployed, to  make  the  paper  slide  on  the  disk ;  the  adhesion  is  strongest 
when  the  point  is  negative.     The  strain  required  to  make  the  paper  slide 

*  Proc  Roy.  Soc  toI.  xxiii.  p.  356. 
t  Proc.  Roy.  Soc.  vol.  xdy.  p.  169. 
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on  the  disk  was  30,000  grains  with  the  point  negative,  and  18,000  grains 
when  it  was  positive :  to  reproduce  these  strains  the  paper  had  to  be 
loaded  with  129,600  and  53,530  grains  respectively  after  the  current  had 
been  shut  ofE. 

When  terminals  with  plane  or  spherical  sur&ces  are  used,  the  luminous 
phenomena  preceding  the  jump  of  the  spark  do  not  take  place,  and  there 
is  scarcely  an  appreciable  adherence  between  the  band  of  paper  and  the 
terminals ;  it  generally  takes  a  diagonal  position,  forming  a  bridge  between 
them. 

Between  a  point  and  a  disk  the  spark  is  longest  with  the  point  positive, 
when  from  5000  to  8000  cells  are  used;  but  for  a  less  number  of  ele- 
ments, 1000  to  3000,  it  is  longest  when  the  point  is  negative. 

The  length  of  the  spark  is  greatly  influenced  by  theform  of  the  point : 
thus  with  a  point  in  the  form  of  a  cone  of  20  d^rees  the  striking-distance 
is  0-184  inch  with  5640  cells  and  0-267  inch  with  8040;  while  with  a 
point  approaching  a  paraboloid  in  form,  and  with  the  same  base  and  of 
the  same  height  as  the  cone,  it  is  0*237  inch  with  5640  cells  and  0*343 

inch  with  8040.    The  ratios  ±?-*=.0-776  and  f2l«0-778,  almost  iden- 

i5o7  «54o 

tical,  represent  the  proportion  which  exists  between  the  length  of  spark 

obtained  with  a  conical  point  and  one  paraboloidal  in  form. 

The  striking-distance  between  a  point  and  a  plate  is  in  accordance, 

very  nearly,  with  the  hypothesis  of  this  distance  increasing  in  the  direct 

ratio  of  the  square  of  the  number  of  elements,  at  all  events  up  to  8040 

cells,  thus*: — 

Number  of  cells...    1000      2000      3000       4000      5000      6000      7000      8000 

in.  in.  in.  in.  in.         in.  in.         in. 

DiaUnceobeerred...  0-0051   0-0221   00554     0-103     0-159     0-222     0-286     0-352 
Diitanoe  calculated  0*0055  0O220  0*0495     0*088     01375  0198     0*2695  0*352 

Between  plane,  spherical,  or  cylindrical  surfaces  the  striking-distance 
does  not  follow  this  law;  on  the  contrary,  the  increase  is  nearly,  but  not 
quite,  in  the  ratio  of  the  number  of  cells.  We  have  given  the  striking- 
distance  from  1000  to  8000  volts,  between  spherical  surfaces  1-5  inch 
diameter  and  3  inches  radius,  in  the  Proceedings,  No.  182,  so  that  it  is  only 
necessary  here  to  state  the  striking-distance  for 

lOOOoells.  eOOOoelli. 

in.  in. 

Between  spherical  surfaces 0-0050  0-0810 

„        plane  surfaces     0-0104  0-0852 

„        two  concentric  cylinders .     0-0071  0-0991 

It  must,  however,  be  stated  that  very  probably  the  striking-distance 
for  1000  cells  between  plane  surfaces  is  too  great,  on  account  of  the  diffi- 
*  Proc.  Boj.  Soc.  1876,  toL  xnr,  p.  167. 
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eultj  of  keeping  them   absolatelj  parallel  when   the  micrometer  ia 
adjusted  from  time  to  time. 

The  striking- disiance  between  two  paraboloidal  points  was  found  to  be 
with: — 

lOeOoellf.  8040oeUi. 

in.  in. 

0-006  0-401 

The  nature  of  the  metal  used  for  terminals  has,  in  almost  all  cases,  no 
influence  on  the  length  of  the  spark ;  but  there  is  one  striking  exception, 
namely,  in  the  case  of  aluminium.  When  an  aluminium  point  is  used  the 
spark  is  longer  than  with  points  of  all  other  metals  tried  in  the  ratio  of 
1-242  to  1. 

The  length  of  the  spark  is  different  in  various  gases — for  example,  air, 
oxygen,  nitrogen,  hydrogen,  and  carbonic  acid ;  and  the  ratio  between  the 
lengths  of  spark  in  various  gases  varies  with  the  forms  of  the  terminals. 
The  length  of  the  spark  bears  no  simple  relation  either  to  the  density  of 
the  gas  or  its  viscosity*. 

The  paper  contains  an  account  of  a  few  experiments  on  the  length  of 
spark  in  air  at  different  pressures,  from  141-5  millims.  to  760  millims. 
Between  a  point  and  a  disk  the  length  of  the  spark  increases  nearly,  but 
not  quite,  in  the  ratio  of  the  dilatation  ;  but  between  two  spherical  sur* 
feces  it  increases  far  more  rapidly,  and  it  is  possible  that  at  a  certain 
degree  of  rarefaction  the  striking-distance  may  be  coincident  for  spherical 
surfaces  and  points. 

The  appearance  of  the  voltaic  arc  at  ordinary  pressures  differs  in 
different  gases. 

In  air  (possibly  also  in  other  gases)  the  arc,  when  examined  with  the 
microscope,  presents  a  stratified  appearance,  especially  in  the  barrel- 
shaped  surrounding  of  the  central  brilliant  spindle.  The  strise  are  very 
close,  and  can  be  seeii  with  difficulty  even  when  the  microscope,  with  a 
rotating  minor,  is  employed  for  the  examination  of  the  arc 

In  hydrogen,  with  the  point  positive,  the  central  spindle  of  the  arc  is 
surrounded  uith  a  beautiful  blue  halo  resembling  a  glass  shade  illumi- 
nated with  fluorescent  light.  With  the  point  negative  the  arc  moves 
about  rapidly  and  forms  a  sort  of  star  on  the  positive  disk.  Before  the 
jump  of  the  spark,  when  the  point  is  negative,  the  luminous  discharge 
has  the  appearance  of  a  pale  olive  halo,  in  form  like  a  glass  shade,  extend- 
ing from  the  point  to  the  periphery  of  the  disk. 

In  nitrogen  the  arc  is  reddish  violet ;  in  oxygen  it  presents  the  same 
appearance  as  in  air. 

When  a  strong  resistance  is  interposed  in  the  circuit,  4,000,000  ohms 
for  example,  the  discharge  is  completely  changed  in  character ;  instead  of 
the  ordinary  spark  and  production  of  the  voltaic  arc,  very  brilliant  enap- 

*  Proc  Roy.  Soc.  toI.  xxri.  p.  227. 
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ping  sparks  pass  between  the  terminals  at  more  or  less  rapid  intervals, 
exactly  like  the  sparks  of  a  small  Leyden  jar.  They  pierce  writing- 
paper  with  minute  holes.  It*  is  usually  necessary  to  approach  the  ter- 
minals to  a  distance  of  0*3  inch,  when  the  striking-distance  of  8040  cells 
is  0*34  inch,  in  order  to  produce  this  static  discharge. 

It  has  been  found  that  an  accumulated  charge  of  a  condenser  of  42*8 
microfarads  capacity,  charged  with  the  potential  of  3240  cells,  produced 
neither  an  elongation  nor  a  contraction  of  a  metallic  rod  0*2  inch  when 
suddenly  discharged  through.  This  charge  deflagrates  10*5  inches  of 
platinum  wire  0*0125  inch  in  diameter. 

More  dense  sparks  were  obtained  with  one  of  Apps's  coils  for  pro- 
ducing 6-inch  sparks  when  the  primary  was  connected  with  1080,  2280, 
3480  chloride-of-silyer  cells,  than  when  it  was  used  with  a  zinc-carbon 
bichromate-of-potash  battery  of  6  cells,  producing  a  current  300  times  as 
great,  thus  showing  the  influence  of  high  potentials  in  inducing  se- 
condary currents. 

These  currents  of  high  potentials  have  also  a  marked  effect  in  inducing 
magnetism,  when  the  actual  current  is  taken  into  account. 

The  second  part  of  the  paper,  which  is  in  course  of  preparation,  will 
deal  with  the  discharge  in  rarefied  gases,  in  the  so-called  vacuum  tubes. 


December  20,  1877. 

Dr.  ALLEN  THOMSON,  Vice-President,  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them.  •    . 

The  following  Papers  were  read : — 

I.  ^' Notes  on  Supersaturated  Saline  Solutions.''      By  Charles 
ToHLiNsoN,  F.R.S.     Received  September  14, 1877. 

There  is  probably  no  subject  in  science  that  is  more  involved  in  con- 
tradiction than  that  of  supersaturation.  All  the  phenomena  connected 
with  it  seem  to  behave  differently  in  the  hands  of  different  inquirers,  so 
that  the  ^ts  affirmed  by  one  writer  are  simply  denied  by  another ;  and 
the  same  theory  which  seems  to  have  been  dispr6ved  by  one  is  again  and 
again  brought  forward  by  another. 

Take  one  point  by  way  of  example,  namely,  the  nuclear  action  of 
bodies  in  producing  the  sudden  crystallization  of  a  supersaturated  saline 
solution.  Ziz,  in  1809,  stated  that  not  only  air,  but  solids,  act  best  as 
nuclei  when  dry :  if  wet,  or  boiled  with  the  solution,  or  thrown  into  it 
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while  hot  and  allowed  to  cool  with  it>  they  are  inactiye.  Lowel  (1850-57) 
denies  that  air,  whether  wet  or  dry,  has  any  nudear  action ;  but  he 
admits  that  solids  exposed  to  the  air  become  active,  and  that  alcohol  is 
always  active.  Selmi  and  GKwkynski,  in  1851,  assert  that  diy  air  is 
nuclear,  and  acts  by  getting  rid  of  water  at  the  surface,  and  producing 
Bifiall  crystals  there  which  oontinae  the  action.  This  seems  to  be  a 
revival  of  G^y  Lussac's  theory,  namely,  that  air  is  absorbed  at  the  surface 
of  the  solution  and  precipitates  a  portion  of  the  salt  in  the  same  way 
that  one  salt  may  precipitate  another,  and  this  predpitate  continues  the 
crystallization.  Lieben,  in  1854,  states  that  soot  is  a  nucleus,  also 
platinum  black  whether  ignited  or  not;  that  pounded  glass  heated  in 
sulphuric  add  produces  sudden  crystallization,  but  that  platinum 
sponge  and  precipitated  sulphate  of  baryta  after  being  heated  have  no 
action.  Schroder,  in  1859,  remarks  that  it  is  always  a  matter  of  chance 
whether  such  or  such  a  substance  produces  crystallization.  ^'  Such  facts," 
he  says,  "  singularly  increase  the  difficulty  of  interpreting  theoretically 
the  phenomena  of  supersaturation."  He  oondudes  that  the  only  general 
rule  that  can  be  admitted  in  the  presence  of  so  many  opposed  and  con- 
tradictory results  is  that  bodies  act  on  supersaturated  solutions  only 
after  having  been  exposed  to  the  air.  In  1866  Gemez  and  YioUette  and 
in  1868  Schiff  are  satisfied  that  there  is  only  one  nudeus  for  a  super- 
saturated solution,  and  that  is  a  salt  of  the  same  kind  as  the  one  in  solu- 
tion or  one  isomeric  therewith.  In  1866  Jeannel  opposes  this  theory  of 
pancrystallography,  as  he  calls  it,  on  the  ground  that  it  cannot  be  sup- 
posed that  crystals,  often  of  rare  salts,  are  to  be  found  waiting  in  the 
atmosphere,  ready  to  enter  our  flasks  as  soon  as  they  are  uncovered. 
Pellogio*  abo,  in  1875,  "gives  proofs  that  the  phenomena  of  supersatu- 
ration  are  not  so  simple  as  the  French  physicists  would  imply,  namely, 
that  the  only  nucleus  is  a  salt  of  the  same  kind,''  seeing  that  some  super- 
saturated solutions,  such  as  those  of  hyposulphite  of  soda,  acetate  of 
lead,  acetate  of  soda,  &c.,  may  be  exposed  to  the  air,  in  places  where  the 
air  is  any  thing  but  still,  for  fifteen  or  twenty  days  without  the  formation 
of  crystals.  He  states  further  that  porous  bodies  are  actife,  such  as 
common  sponge,  platinum  black,  iron  reduced  by  hydrogen,  and  carbon. 
For  example,  carbon  was  raised  to  a  red  heat,  quenched  under  mercury, 
and  introduced  into  a  solution  of  100  sodic  sulphate  to  102  of  water :  it 
fell  to  the  bottom  and  disengaged  gas  for  some  time ;  crystallization  then 
set  in  and  spread  all  through  the  mass.  VioUette,  on  the  contrary,  finds 
that  bodies  greedy  of  water  and  capable  of  being  hydrated,  such  as  the 
fused  sulphates  of  copper  and  of  iron,  and  porous  bodies  recently  cal- 
dned,  such  as  carbon,  have  no  action  on  supersaturated  saline  solutions. 
In  the  midst  of  all  this  conflict  of  testimony,  my  own  results  were  not 
likely  to  escape  censure.     Qemez  and  others  opposed  me ;  and  Professor 

*  Bendlconti  B.  1st.  Lomb.,  1  Luglio.    Jteferenoes  to  most  of  the  other  authorities 
are  giyen  in  proTious  papecs^ 
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Orenfell,  some  eighteen  months  ago,  joining  in  the  opposition,  having 
told  me  of  his  experiments,  I  asked  him  to  prepare  a  paper  on  the  subject. 
In  this  *,  as  also  in  a  second  pc^r,  he  is  at  variance  with  all  his  pre- 
<leoe8SOTS.  In  his  second  paper  he  gives  a  summary  of  the  three  prin- 
cipal theories  that  have  been  propounded,  and  goes  into  minute  experi- 
mental detail  in  support  of  his  own  objections  to  them  and  of  his  own 
views.  His  theory  rests  on  absorption,  which,  it  will  be  seen  above,  is 
not  so  novel  as  he  supposes  it  to  be. 

There  is  one  point  upon  which  all  observers,  down  to  the  time  of  Prof. 
Grenfell,  are  agreed,  namely,  that  if  a  supersaturated  solution,  say  of 
Glauber^s  salt,  boiling  in  a  flask,  be  tied  over  with  bladder  and  left  until 
cold,  it  will,  if  the  bladder  be  pierced,  immediately  become  solid.  Indeed 
this  has  long  been  a  common  lecture-table  experiment ;  and  I  thought  it 
a  step  in  advance  when  I  showed  that  if  this  experiment  be  made  in  the 
open  air  of  the  country,  the  solution  remains  liquid.  I  also  exposed 
solutions  to  the  air  of  my  garden  with  various  results,  as  I  have  already 
had  the  honour  of  describing  to  the  Society  t.  But  Prof.  Grenfell  goes 
&r  beyond  any  thing  that  I,  or  previous  observers,  have  done ;  he  exposes 
these  solutions  to  the  air  of  rooms,  places  them  on  various  surfaces, 
handles  them,  makes  mud  pies  with  them  tj  and  yet  they  do  not  crystal- 
lize. It  is  probable  that  his  minute  method  of  dealing  with  drops  may 
alter  the  conditions  ;  but  certainly  in  the  air  of  my  house  and  garden  I 
cannot  expose  my  flasks  as  he  does  his  drops  without  producing  sudden 
solidification. 

I  will  give  two  or  three  out  of  a  multitude  of  similar  results.  Last 
summer  I  made  a  strong  solution  of  sodium  sulphate  and  filtered  it  into 
two  long-necked  globular  flasks,  which  were  rebelled  and  tied  over  with 
bladder.  They  were  left  during  three  weeks  and  remained  unchanged. 
The  bladder  over  one  flask  was  then  pierced  and  the  solution  immediately 
crystallized.  I  took  the  other  flask  into  the  fields  and  uncovered  it ;  it 
remained  liquid  during  a  long  walk,  although  the  wind  blew  into  the  neck 
with  such  force  as  to.  produce  a  musical  note.  When  the  still  uncovered 
flask  was  brought  into  the  house  the  solution  soon  crystallized.  I 
have  re|>eated  this  experiment  with  this  and  other  salts  with  similar 
results,  and  it  furnishes  an  argument  against  the  Gemez  and  YioUette 
theory. 

A  strong  solution  of  alum  was  tied  over  just  after  being  boiled.  It 
was  repeatedly  shaken  during  several  days.  "While  resting  on  the 
mantleshelf  of  my  study  the  bladder  was  pierced,  when  immediately 
some  amorphous  powder  at  the  bottom  of  the  solution  began  to  assume 

*  Proc  Boy.  8oc.  xxr.  p.  124. 

t  Ppoc  Boy.  Soc  xx.  p.  41. 

\  In  April  last,  during  an  interral  between  heavy  showers  which  had  thoroughly 
waahed  the  mould  of  ray  garden,  I  poured  upon  it  a  solution  of  (Glauber's  salt  (2  to  1) 
and  it  crystallized  immediately. 
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shape  and  grow  into  fine  octahedral  forms,  increasing  from  the  bottom 
upwards,  with  the  usual  evolution  of  heat. 

Two  similar  flasks  in  mj  studj,  containing  sodium  sulphate,  w&n 
pricked  with  a  pin ;  one  crystallized  immediately  and  the  other  did  not. 
Next  day  I  enlarged  the  opening  into  the  second  flask  to  the  size  of  a 
small  pea,  and  after  two  or  three  hours  the  solution  became  sohd. 

Pellogio  and  others  claim  for  sponge  and  other  absorbent  bodies  a 
nuclear  action.  I  immersed  three  bits  of  sponge  in  boiling  water,  and 
took  them  out  with  forceps  and  put  them  in  a  dinner-plate,  which  together 
with  the  forceps  were  placed  in  the  kitchen  oven.  Three  flasks,  contain- 
ing sodium  sulphate  solution  (3  salt  to  1  water),  prepared  the  day  before, 
were  taken  into  the  kitchen,  and  the  bits  of  sponge,  now  dry,  hard,  and 
warm,  were  taken  up  with  the  forceps  and  dropped  severally  into  the  flasks, 
which  were  covered  with  small  beakers.  The  flasks  were  put  upon  the 
window-ledge  in  my  study.  One  of  the  solutions  crystallized  after  eight 
hours ;  the  other  two  formed  a  good  deal  of  the  modified  salt,  in  which 
the  sponge  became  entangled :  the  second  solution  crystallized  on  the 
third  day ;  the  third  solution  had  not  crystallized  after  ten  days,  although 
it  was  repeatedly  shaken ;  the  beaker  was  then  taken  off,  and  the  solution 
crystallized  within  half  an  hour.  In  all  three  cases  the  sponge  soon 
absorbed  a  portion  of  the  solution  and  became  thoroughly  soaked ;  the 
solutions  were  exposed  to  considerable  cold  in  the  window,  the  weather 
being  chilly,  but  the  sponge  was  quite  inactive. 

Such  results  as  these  are  certainly  in  opposition .  to  the  absorption 
theory ;  but  the  difficulty  in  this,  as  in  other  parts  of  the  subject,  lies  in 
the  fact  that  one  observer,  in  an  apparently  carefully  condud^  experi- 
ment, finds  sponge,  charcoal,  and  other  porous  bodies  to  be  nuclear,  while 
another  equiJly  good  observer  (M.  YioUette,  for  example)  declares  them 
to  be  inactive.  In  trying  the  effect  of  vapours  on  these  solutions  some 
years  ago,  a  sponge  dipped  in  ether,  chloroform,  bisulphide  of  carbon,  ^u^ 
was  held  over  the  surface :  whenever  the  sponge  touched  the  surface 
crystallization  set  in ;  or  passing  the  sponge  hastily  over  the  surface  the 
portion  adhering  to  the  sponge  crystallized  immediately,  while  the  solu- 
tion in  the  vessel  did  not. 

In  repeating  Prof.  Grenfell's  experiments  on  drops,  I  find  the  same 
spirit  of  contradiction  to  prevail.  The  solutions  which  with  him  are  so 
permanent  are  transitory  with  me.  I  found  sodic  sulphate  solutions  of 
various  strengths,  from  six  parts  of  salt  to  one  of  water,  to  one  part  of 
salt  to  one  of  water,  to  be  sensitive  in  every  room  of  my  house  and  on 
every  kind  of  surface  on  which  they  were  deposited.  My  method  was  to 
boil  the  filtered  solution  in  a  clean  flask  and  then  to  cover  the  neck  with 
a  small  beaker.  A  couple  of  dropping-tubes  (constantly  kept  in  water, 
except  when  in  actual  use,  so  as  to  keep  them  free  from  nuclei)  were 
employed  for  getting  a  supply  of  the  solution  from  the  flasks.  A  large 
drop,  made  up  of  5  or  10  or  more  single  drops,  was  in  this  way  deposited 
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on  the  surface  to  be  tried,  and  around  this  were  arranged  a  number  of 
single  drops.  My  observation  agrees  generally  with  that  of  Prof. 
Grenfell,  that  the  large  drop  is  more  ready  to  solidify  than  the  smaller 
ones ;  and  the  reason  that  I  should  give  for  this  is,  that  the  larger  surface 
is  more  likely  to  catch  nuclei  from  the  air  than  the  smaller  ones.  In  the 
early  stage  of  this  inquiry  it  was  thought  that  the  sudden  shock  pro- 
duced by  the  inrush  of  air  when  the  bladder  was  penetrated  produced 
crystallization ;  but  Prof.  Turner,  of  University  College,  London,  showed 
that  if  the  neck  of  the  flask  containing  the  solution  were  drawn  out  to 
a  capillary  opening  the  solution  could  be  retained  in  the  flask  without 
becoming  solid.  Lowel  also  showed  that  solutions  could  be  kept  longest 
in  ordinary  flasks  in  proportion  as  their  necks  were  narrow ;  and  another 
early  observer  noticed  that  while  a  flask  with  itii  neck  upright  led  to 
crystallization,  it  was  less  likely  to  do  so  if  the  neck  were  placed  at  an 
angle,  and  still  less  so  if  placed  horizontally.  This  evidently  points  to 
the  increased  difliculty  of  a  nucleus  getting  into  the  flask  under  such  ciiv 
cum  stances. 

I  tried  a  large  number  of  experiments  on  supersaturated  solutions  in 
Prof.  Grenfell's  manner,  not  only  with  those  of  sodic  sulphate,  but  also 
of  sodic  acetate,  magnesic  sulphate,  zinc  sulphate,  potash  alum,  ammonia 
alum,  sodic  carbonate,  and  some  others.  On  uncovering  the  flasks  for  the 
purpose  of  filling  the  dropping-tube,  the  solutions  in  the  flasks  often 
crystallized  suddenly  * ;  and  it  has  not  unf  requently  happened  that  the 
drop  of  sodic  sulphate  and  of  some  other  solution  at  the  end  of  the 
dropping-tube  suddenly  became  solid  before  it  fell,  and  thus  acted  as  a 
nudeus  to  the  contents  of  the  tube. 

I  repeated  Prof.  Grenfell's  experiments  with  oily  surfaces.  A  drop  of 
oil  (olive  or  niger)  rubbed  with  the  finger  over  a  glass  plate  made  the 
plate  powerfully  nuclear :  drops  of  sodic  sulphate  became  immediately 
solid,  the  large  drop  swelling  up  into  a  well-shaped  conical  figure  with  a 
rounded  top. 

Experiments  with  magnesic  sulphate  (2  to  1  solution)  showed  this  salt 
in  drops  to  be  even  more  sensitive  than  sodium  sulphate.  Drops  of  zinc 
sulphate  (2  to  1)  and  of  sodium  carbonate  (3  to  1)  soon  became  solid  on 
glass,  paper,  and  other  surfaces,  whether  in  the  open  air  of  my  garden 
or  in  different  rooms  of  my  house. 

Potash  alum  solution  (2  jto  1)  in  drops  crystallized  rapidly  into  an 
opaque  white  mass,  or  into  transparent  crystals  in  concentric  circles 

*  In  reboiling,  the  flask  must  be  kept  in  motion  over  the  flame  so  as  to  melt  the  salt 
gradually  and  not  allow  one  part  of  the  flask  to  become  much  hotter  than  another. 
As  the  solution  approaches  boiling,  the  flask,  being  ohemicaUy  clean,  is  liable  to  violent 
bumpings.  These  may  be  prevented  by  keeping  in  each  solution  a  fragment  or  two  of 
oharooa  (that  from  ooooanut-sheU  being  most  efficacious),  as  pointed  out  in  my  paper 
in  the '  Proceedmgs '  for  1869,  p.  251.  That  the  action  of  the  charcoal  is  not  impaired 
by  use  has  been  shown  in  these  repeated  reboilings  as  well  as  in  the  cases  given  by  me 
in  the  PhiL  Mag.  for  Augnst  1875. 
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round  a  central  pit.  A  similar  solution  of  ammonia  alum  behayed  in  a 
similar  manner :  an  opaque  white  ring  formed  at  the  drcumfarenoe  of 
the  drop  and  graduallj  closing  in  on  the  centre,  and  drawing  matter 
therefrom,  produced  a  pit-like  depression.  The  large  drop  of  the  solu- 
tion often  displayed  suddenly  beneath  the  surface  a  small  well-shaped 
octahedron,  and  this  increased  in  bulk  until  the*  whole  solution  was  solid. 
The  crystal  would  sometimes  appear  while  the  large  drop  was  in  the  act 
of  being  built  up ;  and  the  solutions  in  the  alum  flasks,  more  freqa^itlf 
than  in  the  other  flasks,  became  solid  and  had  to  be  reboiled. 

Sodium  acetate  in  drops  solidified  both  in  crystalline  lines  and  also  in 
heaps,  these  varieties  occurring  in  the  same  set  of  drops.  The  ciystalline 
lines  originated  generally  in  a  radiant-point,  and  in  some  cases  two  or 
three  such  points  caused  the  needles  to  cross.  Sometimes  in  the  open 
air  a  speck  of  soot  or  a  small  insect  formed  the  radiant-point.  Within 
doors  the  carrying  of  the  plate  across  the  room  caused  several  of  the 
drops  suddenly  to  crystallize.  It  was  noticed  with  this  and  other  saline 
solutions  that  the  deformed  drops  crystallized  first,  while  l^ose  that 
formed  perfect  lenses  with  sharply  cut  edges  remained  liquid  for  a  longer 
time.  Drawing  a  point  across  these  so  as  to  deform  their  shape 
generally  led  to  crystallization  ;  but  when  a  tail  thus  formed  sprang  back 
again  and  the  drop  recovered  its  form  there  was  no  crystallization.  In 
general  when  a  point  was  drawn  through  a  drop,  crystallization  set  in 
where  the  point  made  its  exit.  Oil  of  almonds  smeared  over  a  plate 
and  polished  with  the  pad  of  the  hand  was  eminently  nuclear. 

These  experiments  with  drops  were  conducted  during  the  week  of  fine 
weather  commencing  on  the  26th  of  June  of  the  present  year.  I  had 
often  noticed  during  many  years  past,  while  conducting  experiments  on 
the  cohesion  figures  of  liquids,  the  motions  of  camphor,  creosote,  Ac  on 
water  and  on  surface-tension  generally,  that  the  phenomena  varied 
greatly  from  day  to  day.  On  dull  moist  days  drops  spread  out  into 
films  sluggishly  or  not  at  all ;  camphor,  creosote,  &c.  would  be  more 
or  less  inert;  in  short,  all  surface-tension  phenomena  would  be  in  a 
depressed  state.  Whereas  on  bright  sunshiny  days,  with  a  brisk  dry  air, 
although  the  temperature  might  not  be  high,  some  force  seemed  to  be 
present  which  exalts  all  the  phenomena  of  surface-tension.  It  may  be 
the  evaporative  force  or  the  crystalline  force  ;  but  whatever  it  is  it  has  a 
powerful  influence  on  the  phenomena  of  supersaturation.  As  already 
noticed,  the  solutions  in  the  flasks  frequently  became  solid,  and  the  drop 
at  the  end  of  the  dropping-tube  could  not  be  delivered  on  account  of  its 
solidifying.  The  drops  on  various  surfaces  formed  well-shaped  lenses, 
and  any  thing  that  tended  to  destroy  their  symmetry  led  to  crystallization. 
These  facts  bear  affirmatively  on  the  details  already  laid  before  the  Society 
by  Prof.  Van  der  Mensbrugghe  and  myself  on  the  connexion  between 
the  surface-tension  of  liquids  and  supersaturation  *.  Although  the  oon- 
*  Proc.  Boy.  Soo.  a.  p.  342. 
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claaions  of  this  paper  have  been  called  in  question  by  some  of  the  French 
authorities  on  this  subject,  yet  I  venture  to  submit  that  the  foregoing 
details  support  our  main  conclusion,  which  may  be  so  far  modified  as  to 
present  itself  in  this  form,  namely,  that  during  certain  states  of  the 
atmosphere,  if  not  always,  such  a  connexion  really  exists. 

On  the  1st  of  July  rain  set  in,  and  the  weather  during  some  days  was 
cloudy  and  unsettled.  The  efCect  of  this  change  on  some  of  the  solutions 
was  remarkable ;  but  1  saw  reason  to  direct  my  attention  specially  to  the 
behaviour  of  the  sodic  acetate  solution.  During  these  wet  and  un- 
settled days  the  solution  exposed  in  drops  remained  permanently  liquid. 
1  found  that  even  when  crystals  of  the  salt  from  a  drop  that  had  previously 
become  solid  were  brought  into  contact  with  the  liquid  drops,  they  no 
longer  produced  crystallization.  This  led  me  to  suspect  that  the  salt  is 
deliquescent  as  well  as  efflorescent  in  varying  states  of  the  atmosphere. 
Accordingly  on  placing  a  known  weight  (30  grains)  of  the  dry  salt  on 
filtering-paper  in  the  scale-pan  of  a  balance  1  found  that  it  increased 
in  weight  from  day  to  day  in  wet  weather,  and  lost  weight  in  dry. 
The  same  experiment  was  tried  repeatedly  with  the  supersaturated 
solution,  of  which  30  grains  placed  in  the  glass  scale-pan  became  33  in 
the  course  of  some  hours,  and  went  on  increasing  from  day  to  day  during 
damp  weather ;  but  when  dry  weather  set  in  it  lost  in  weight,  and  when 
the  solution  crystallized  there  was  a  further  loss  of  6  or  8  grains  from 
evaporation  consequent  on  the  heat  liberated  during  solidification. 

Here,  then,  is  the  explanation  of  the  fact  which  has  excited  the  surprise 
of  several  observers,  namely,  that  supersaturated  solutions  of  sodic  ace« 
tate  may  remain  liquid  for  days,  and  even  for  weeks  together,  exposed  all 
the  while  to  the  dust  of  the  room.  Such  a  fact  has  been  cited  in  dis- 
proof of  the  theory  of  aerial  nuclei,  and  was  appealed  to  by  the  French 
chemists  as  a  complete  answer  to  the  theory  of  surface-tension ;  and  it 
had  so  powerful  an  effect  on  the  mind  of  Professor  Van  der  Mensbrugghe 
as  to  lead  him  to  withdraw  from  all  further  connexion  with  that 
theory. 

With  a  westerly  wind,  a  bright  sun,  a  tolerably  high  temperature,  and 
a  moist  air,  1  have  known  the  drops  of  sodic  acetate  to  remain  liquid 
during  eleven  or  twelve  days,  and  drops  that  had  previously  become  solid 
liquefied  again.  The  point  of  a  needle  drawn  across  the  drops,  which  had 
thus  absorbed  water,  had  no  action  in  inducing  crystallization,  though  a 
considerable  amount  of  friction  was  used.  This  was  on  glass ;  on  writing- 
paper  each  drop,  after  remaining  liquid  for  some  days,  had  a  wet  halo 
round  it  of  considerable  width  ;  but  it  seems  that  as  the  paper  absorbed 
water  from  the  drop,  the  drop. was  absorbing  moisture  from  the  air.  On 
passing  the  point  of  a  pencil  through  the  drops  on  paper,  so  as  to  draw 
out  a  tail,  there  was  no  action,  and  a  crystal  of  the  salt  placed  in  the 
drop  was  equally  inert.  In  fact  the  solution  was  no  longer  super- 
saturated.   Sodic  carbonate  remained  for  days  together  on  paper  without 
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crystaUizing :  the  paper  became  wet  and  sodden,  and  all  appearance  of 
drops  ceased. 

All  the  solutions  thus  exposed  in  drops  are  more  or  less  affected  by  the 
state  of  the  atmosphere  as  to  moisture.  The  drops  of  the  solution  of 
alum  instead  of  becoming  solid  in  a  short  time,  as  they  do  when  the  air 
is  dry,  remain  for  hours  in  the  liquid  state,  and  then  one  or  more  of  them 
would  display  an  octahedral  crystal  in  the  midst  of  the  liquid,  which 
was  the  more  conspicuous  in  a  compound  drop,  or  one  made  up  of  five  or 
ten  single  drops.  In  damp  weather  I  have  known  the  drops  to  remain 
liquid  during  from  twelve  to  twenty  hours ;  and  I  have  no  doubt  that  in  the 
damp  days  of  winter  this  solution,  as  well  as  that  of  other  salts,  will  not 
be  so  ready  to  crystallize  as  the  drops  were  during  the  months  of  June, 
July,  and  August,  when  these  experiments  were  made. 

Drops  of  sodic  sulphate  in  my  bedroom  crystallized  some  of  them  im- 
mediately, and  all  after  a  few  hours.  But  in  a  damp  air,  after  heavy 
rain,  the  time  was  considerably  extended.  I  have  even  found  them  to 
remain  liquid  much  longer  on  paper  than  on  glass.  On  the  other  hand 
I  have  found  magnesic  sulphate  solidify  more  readily  on  paper  than  on 
glass,  and  plumbic  acetate  and  zindc  acetate  more  readily  on  glass  than 
on  paper.  But  the  faciUty  with  which  the  drops  solidify  on  various 
surfaces  seems  to  vary  from  day  to  day ;  and  hence  it  does  not  appear 
possible  to  tabulate  the  salts  in  the  order  of  their  sensitiveness,  seeing 
that  the  order  of  one  day,  or  even  of  one  hour,  may  be  quite  different 
from  that  of  another  day  or  hour.  Thus  on  two  different  days  in 
August  equally  fine,  only  on  one  day  the  wind  was  in  an  easterly,  and  on 
the  other  in  a  westerly  quarter,  the  order*  in  which  the  solutions  respec- 
tively crystallized  was  as  follows : — 


Wind  easterly. 

Wind  westerly. 

1. 

Sodic  sulphate. 

1.  Alum. 

2. 

Sodic  acetate. 

2.  Magnesic  sulphate. 

3. 

Alum. 

3.  Zincic  sulphate. 

4. 

Magnesic  sulphate. 

4.  Sodic  sulphate. 

6. 

Zlncic  sulphate. 

5.  Zincic  acetate. 

6. 

Zincic  acetate. 

6.  Plumbic  acetate. 

7. 

Plumbic  acetate. 

7.  Sodic  carbonate. 

8. 

Sodic  carbonate. 

8.  Sodic  acetate. 

The  following  Table  shows  the  order  of  crystallization  during  a 
southerly  wind  on  a  day  in  August,  when  heavy  showers  occurred  with 
intervals  of  bright  sunshine  : — 

1.  Sodic  sulphate  crystallized  within  a  few  minutes  on  glass,  and  some- 

what  later  on  paper. 

2.  Ammonia  alum :  the  large  drop  and  several  of  the  small  ones  were 

covered  immediately  with  minute  octahedra ;  the  action  was  more 
rapid  on  glass  than  on  paper. 
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3.  Potash  alum  was  akd  singularlj  actiye,  but  more  so  on  glass  than 

on  paper. 

4.  Zinc  acetate  crystallized  almost  immediately. 

5.  Magnesic  sulphate  crystallized  almost  immediately. 

6.  Zinc  sulphate  crystallized  after  about  half  an  hour. 

7.  Sodic  carbonate  flattened  and  crystallized  by  evaporation,  first  on 

paper  and  then  on  glass. 

8.  Sodic  tartrate  similar  to  7. 

9.  Lead  acetate  became  solid  after  about  three  hours. 

10.  Sodic  acetate  was  liquid  after  forty-eight  hours,  when  the  experi- 
ment was  terminated. 

On  the  table  in  my  study,  in  which  this  last  experiment  was  conducted, 
was  a  glass  plate  on  which  drops  of  sodic  acetate  had  been  deposited 
fifteen  days  before — one  compoimd  drop  surrounded  by  six  single  drops, 
all  of  which,  except  two  single  drops,  had  crystallized.  These  two 
had  apparently  retained  their  surface-tension,  while  the  other  drops 
had  become  more  or  less  deformed.  There  was  heavy  rain  on  the  27th 
August,  and  on  the  morning  of  the  28th  all  the  drops,  which  bad  pre- 
viously crystallized,  were  quite  liquid.  Sodic  arseniate  solution  of  the  same 
strength  (2  to  1)  behaves  in  a  similar  manner,  absorbing  moisture  from 
the  air  in  damp  weather,  and  remaining  liquid  the  while ;  whereas  drops 
of  sodic  phosphate  solution  (2  to  1)  become  solid  after  a  few  hours  even 
in  damp  weather. 

An  extreme  case  of  persistence  in  the  liquid  form  during  damp  weather 
is  afforded  by  sodic  acetate  that  has  undergone  the  watery  fusion ;  that 
is,  the  salt  newly  crystallized  is  melted  in  a  test-tube  over  a  spirit-lamp 
in  its  own  wat«r  of  crystallization  and  so  boiled.  Drops  of  this  on  a 
glass  plate  will  remain  liquid  during  many  hours,  and  even  days,  if  the 
wind  is  in  a  westerly  or  southerly  quarter.  Meanwhile  they  absorb 
moisture  from  the  atmosphere,  as  was  proved  by  balancing  44  grains  of 
this  solution ;  it  gained  11  grains  in  the  course  of  a  couple  of  days,  and 
then  crystallized  slowly  with  large  crystals  and  interposed  water,  as 
in  an  evaporating-dish,  and  without  that  loss  of  weight  which  accom- 
panies the  sudden  crystallization  of  a  supersaturated  saline  solution. 
There  is  only  one  exception  to  this  loss  of  weight  that  1  am  aware 
of,  and  that  is  in  the  case  of  a  salt  under  the  aqueous  fusion.  This, 
in  suddenly  solidifying,  becomes  very  hot;  but  there  is  no  loss  of 
water  from  evaporation,  because  the  whole  of  the  water  present  becomes 
constitutional  water  in  the  salt.  For  example,  45]}  grains  of  recently 
fused  sodic  acetate  were  poured  into  a  balanced  watch-glass  while  still 
warm,  and  the  solution  formed  a  resplendent  convex  lens.  In  the  course 
of  an  hour  it  had  gained  one  groin  in  weight  from  the  absorption  of 
moisture.  While  watching  it^  its  bright  surface  became  suddenly  clouded : 
from  a  point  in  the  circumference  crystalline  lines  diverged,  so  as  quickly 
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to  cover  the  surface  like  a  fan,  while  an  opaque  appearance  was  seen  to 
descend  throughout  the  depth  of  the  mass,  very  much  after  the  behaviour 
of  the  7-atom  sodic  sulphate  when  touched  by  a  nucleus.  The  wat<^h- 
glass  and  the  metal  pan  on  which  it  rested  became  very  hot  (the  tempera- 
ture rising,  as  was  afterwards  found  with  the  remainder  of  the  solution, 
from  60°  to  129°  F.)  ♦,  but  still  with  no  loss  of  weight,  seeing  that  the 
whole  of  the  water  of  the  solution  had  again  become  water  of  crystalliza- 
tion. '  If  there  is  any  water  to  spare  it  is  driven  off  by  the  heat  of  com- 
bination, and  there  is  a  corresponding  loss  in  weight. 

Some  of  the  drops,  when  exposed  to  the  air,  form  pulpy  masses,  sudi 
as  those  of  sodic,  zincic,  and  magnesic  sulphates ;  but  by  continued  ex- 
posure they  soon  develop  into  hard  well-formed  crystals.  This  is,  I 
suppose,  the  explanation  of  an  effect  that  I  obtained  some  years  ago.  A 
spoon  of  white  metal  shaped  like  a  deflagrating-spoon,  with  its  wire 
run  through  a  flexible  porous  plug,  was  lowered  into  a  boiling  solution  of 
sodic  sulphate :  the  plug  was  then  fitted  into  the  neck  of  the  flask,  which 
it  closed  accurately,  and  the  solution  was  left  to  cool.  The  spoon  was 
next  drawn  up  full  of  the  solution  and  left  in  the  air  of  the  flask.  In 
the  course  of  some  days  the  liquid  in  the  spoon  evaporated  and  left  a  salt 
which,  on  being  lowered  into  the  solution,  was  inactive ;  but  if  the  spoon 
containing  the  salt  were  first  taken  out  and  exposed  for  a  few  seconds  to  the 
open  air  and  then  lowered  into  the  solution,  it  was  powerfully  nuclear. 
This  exposure  to  the  open  air  or  to  the  air  of  a  room  seems  to  be  necessary, 
in  some  cases,  to  the  formation  of  a  crystalline  salt,  either  by  evaporation 
or  by  the  action  of  some  other  force. 

Schroder  insists  on  the  powerful  action  of  the  air  in  connexion  with 
the  phenomena  of  supersaturated  saline  solutions ;  and  Lowel  asks,  **  What 
is  this  mysterious  action  of  the  air  which  endows  bodies  with  a  nuclear 
action?"  He  supposed  it  to  be  catalytic  in  its  mode.  The  French 
theory  supposes  the  air  to  act  as  a  carrier  of  salts  of  the  same  kind,  which, 
it  says,  are  alone  capable  of  acting  as  nuclei.  In  the  course  of  my  experi- 
ments the  air  has  had  abundant  opportunities  of  becoming  charged  with 
salts  of  the  same  kind  as  those  I  was  working  with  in  solution.  For 
example :  during  all  the  time  that  I  was  weighing  the  solutions  of  sodic 
acetate,  so  as  to  note  their  increase  in  weight  by  the  absorption  of  mois- 
ture from  the  air,  an  evaporating-dish,  containing  sodic  acetate  in  crystals, 
was  within  a  foot  and  a  half  of  my  balance ;  but  although  for  days 
together  the  solution  caught  moisture  from  the  air,  it  never  caught  a 
crystal  of  the  salt  from  the  air.  When,  however,  the  wind  got  round  to 
the  north,  or  to  the  east,  the  solutions  of  this  and  of  other  salts  crystal- 
lized, not  only  when  exposed  as  drops,  but  also  often  in  the  covered  flasks 
which  supplied  the  drops. 

When  the  air  is  from  a  dry  quarter  the  results  are  tolerably  uniform ; 

*  In  my  first  paper  (Phil.  Trans.  1868,  p.  663)  a  caaeis  giyen  in  which  sodio  acetato 
solution  in  solidifying  rose  from  14*  to  104®  F. 
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when  from  a  damp  one  they  yarj,  although  the  conditions  are  apparent! j 
the  same.  For  example,  one  day  last  summer,  when  the  wind  was 
westerly,  and  there  was  a  bright  warm  sun  occasionally  obscured  by 
clouds,  I  placed  twelve  watch-glasses  on  a  parapet  wall  in  my  garden, 
and  poured  into  them,  while  still  warm  from  the  boiling,  a  solution  of 
sodic  sulphate  (2  salt  to  1  water).  In  the  course  of  about  twenty 
minutes  four  of  the  solutions  crystallized  in  large  crystals  of  the  normal 
salt,  with  interposed  liquid  not  supersaturated ;  four  formed  thin  crys- 
talline needles,  which  started  from  a  radiant-point  as  from  the  action  of 
a  nucleus ;  and  the  remaining  four,  which  remained  liquid,  were  touched 
on  the  surface  with  a  needle  dipped  in  olive-oil,  and  they  crystallized  in 
the  pulpy  form  from  the  point. 

I  think  the  foregoing  details  go  some  way  to  prove  that  supersaturated 
saline  solutions  behave  differently  among  themselves  and  to  different 
bodies  under  varying  atmospheric  conditions.  If  so,  many  contradictory 
details  connected  with  this  subject  are  on  the  road  to  reconciliation.  A 
supersaturated  saline  solution  in  a  closed  flask  in  which  the  air  is  saturated 
with  moisture  is  in  a  different  condition  (at  least  as  regards  surface-tension 
and  the  power  of  spreading  the  drop  of  oil  into  a  flhn)  as  compared  with 
a  similar  flask  loosely  covered  and  in  the  open  air  on  a  fine  day ;  so  that 
an  oil  &c.  introduced  into  the  closed  flask,  as  in  M.  VioUette's  and  Mr. 
liiversidge's  experiments,  may  be  inactive,  while  under  the  other  condi- 
tion the  same  oil  may  be  active.  One  fine  day  in  August  I  placed  four 
flasks  containing  sodic  sulphate  solution  (2  to  1)  in  the  open  air,  and  let 
fall  from  a  dropping-tube  ( just  taken  out  of  water  and  put  into  ether)  a  drop 
of  ether  on  the  sur&ce  of  each.  It  was  striking  to  see,  from  the  cohesion- 
figure  of  the  ether,  long  lines  of  crystals  radiating  to  the  sides  and  bottom 
of  each  flask.  A  fifth  flask  of  the  same  solution  was  treated  some  days 
later  in  my  laboratory  with  a  drop  of  ether ;  but  this  was  inactive,  and 
the  solution  did  not  crystallize  until  the  flask  was  inverted  against  my 
thumb.  On  a  day  in  September,  when  the  wind  was  S.E.,  I  let  fall  into 
each  of  four  flasks  containing  a  similar  solution  a  drop  of  paraffine-oil 
(marked  '^  lubricating ").  It  formed  a  well-shaped  lens  on  each  surface 
without  any  separation  of  salt ;  but  on  gently  shaking  each  flask,  so  as 
to  break  up  the  lens,  there  was  a  sudden  crystallization,  and  the  normal  salt 
was  produced  in  all  four  flasks.  Some  hours  later  I  repeated  the  experi- 
ment in  my  study  with  five  flasks  of  a  similar  solution.  The  oil  spread 
upon  all  five  surfaces  and  the  solutions  crystallized  immediately,  the 
normal  salt  being  JEigain  produced.  I  have  hundreds  of  such  cases  in  my  . 
note-books  which  have  supplied  material  for  former  papers;  but  in 
referring  to  them  no  discredit  is  intended  to  be  cast  upon  the  negative 
results  obtained  by  other  observers  who  deny  that  oils,  ether,  &c.  have 
any  nuclear  action.  I  would  suggest  that  in  my  numerous  experiments, 
carried  on  during  several  years,  it  is  not  probable  that  there  was  always 
a  lurking  &llacy  in  the  shape  of  a  crystal  of  the  same  kind  as  that  of  the 
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BolutioQ  either  floating  in  the  air  and  waiting  to  enter  the  flask  as  soon 
as  it  was  uncoyered,  or  lying  concealed  in  the  oils,  ether,  and  other  bodies 
which  I  regarded  as  nucdei.  The  yaried  behayionr  of  oils  under  different 
conditions,  as  pointed  oat  in  my  second  memoir*,  has  not  been  attended 
'to ;  and  because  in  many  experiments  in  the  hands  of  others  oils  haye 
been  inactiye,  it  has  been  denied  that  oils  haye  any  action  at  all  on 
these  solutions.  I  confess  that  I  was  not  able  to  recondle  the  results 
as  stated  by  my  opponents  with  my  own  results,  until  within  the  last 
few  months,  when  I  set  to  work  to  repeat  Professor  Grenfell's  experi- 
ments, during  which  it  became  plain  to  me,  what  I  had  not  before 
suspected,  that  the  hygrometric  condition  of  the  air  has  a  powerful  in- 
fluence on  these  solutions ;  so  that  under  (me  set  of  conditions  bodies  may 
act  as  nuclei,  while  imder  another  set  they  may  be  inactiye,  as  in  the  case 
already  dted,  where  sodic  acetate  solution  by  exposure  during  damp 
weather  becomes  inert  eyen  to  a  crystal  of  the  salt  itself.  But  the  exact 
determination  of  these  conditions  can  only  be  settled  by  a  further  long 
and  laborious  experimental  inyestigation  upon  which  I  am  now  engaged. 


II.  "  Notes  on  Physical  Geolc^. — ^No.  III.  On  a  new  Method  of 
finding  Limits  to  the  Duration  of  certain  Geological  Periods.*' 
By  the  Bey.  Samuel  Hauohton^  M.D.  Dubl.,  D.C.L.  Oxon., 
F.B.S.,  Professor  of  Geology  in  the  Uniyersity  of  Dublin. 
Beceiyed  October  4, 1877. 

In  the  preceding  Note  I  haye  proyed  that  the  eleyation  of  Asia  and 
Europe  displaced  the  axis  of  maximum  inertia  through  69  miles  t,  in  the 
direction  of  the  meridian  of  the  Andes,  away  from  Greenwich.  The 
axis  of  rotation  being  thus  separated  from  the  axis  of  figure  by  69  miles, 
or  1°,  commenced  to  revolve  uniformly  on  a  right  cone  round  the  axis  of 
figure,  and  would  continue  to  do  so  for  ever,  if  not  prevented  by  friction. 

Astronomers  are  agreed  that  the  motion  of  the  pole  at  present  is 
secular  and  very  slow,  all  traces  of  wabbling  caused  by  the  elevation  of 
Asia  and  Europe  having  disappeared. 

The  object  of  the  present  note  is  to  discuss  the  motion  of  the  axis  of 
rotation,  from  the  period  of  the  elevation  of  the  continent  until  (by  reason 
of  friction)  the  axis  of  rotation  came  again  to  coincide  with  the  axis  of 
figure ;  and,  if  possible,  to  calculate  the  absolute  length  of  time  that  has 
elapsed  from  the  epoch  of  elevation. 

*  Phil.  Trans.  1871,  pp.  53,  55,  66.    See  also  Proc.  Boy.  Soc.  1873,  p.  210. 

t  It  if  stated,  in  error,  as  207  miles  in  Note  IL  (stiprd,  p.  57).  All  the  numerical  dis- 
plaoements  are  printed  three  timet  their  proper  Talues,  because,  through  inadyertence,  in 
integrating  equation  (8),  Note  I.  page  53, 1  forgot  to  diyide  the  numerical  coefficient 
by  3.    This  error  affects  all  the  subsequent  coefficients. 
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The  equations  of  motion  are : — 


where 


Adp+(C—A)qr  dtzsLdt,  •\ 

Cdr  =N(ft, 

Assmoment  of  inertia  round  equatorial  axis, 
C=3        „  „  „        polar  „ 

r 

LI 

M 

N 


(1) 


^components  of  rotation  round  the  axes  a,  y»  z^ 
inside  the  earth, 

-  couples  of  forces  acting  round  axes  x^  y,  r. 


(2) 


(3) 


First  Aj>proximation. 
Let  there  be  no  disturbing  forces,  then 

L=M=N=or 

Ajdq+(A^C)prdt=zO, 

Cdr  =0.^ 

If  we  assume 

jjsssp  cos  u, 

q:=p  sin  u, 

p  will  be  the  total  equatorial  component  of  rotation,  and  u  will  be  the 
angle  made  by  the  meridian  of  the  axis  of  rotation,  with  a  meridian  sup- 
posed fixed  in  the  body.    Transforming  (2)  to  the  new  variables,  we  find 

Cdr^O. 
Integrating,  we  obtain 

u^n't+eonst^ 
where  po»  ^o  '^^  ^^^  initial  yalues  of  p,  r,  and 

or,  substituting  for  C,  A,  their  values  (given  in  Note  I.  p.  52), 

"*  "'304'75* 

The  preceding  integrals  show  that  the  motion  of  the  instantaneous 
axis  is  uniform,  and  that  it  moves  on  the  surface  of  a  right  cone,  whose 

2p2 


Digitized  by  VjOOQ  IC 


586  The  Rev.  S.  Haughton  on  Physical  Geology.     [Dec.  20, 

axis  is  the  new  axis  of  maximum  inertia,  and  that  this  motion  bj  whidi 
the  pole  revolves  unif ormlj  on  a  drele  of  138  miles  diameter,  oompleting 
each  revolution  in  304*75  days,  will  continue  for  ever  unless  stopped  by 
friction. 

In  one  day  the  pole  moves  through  1*423  mile ;  but  while  the  BoHd 
globe  (supposed  rigid)  revolves  round  each  instantaneous  axis  in  sucoes- 
sion,  it  is  not  so  with  the  ocean,  which  tends  to  revolve  round  yesterday's 
axis  until  compelled  to  revolve  round  today's  axis  by  the  friction  of  tiie 
ocean  against  its  sea-bed.     This  friction  may  be  thus  taken  account  of. 


Second  Approximation, 

In  the  accompanying  figure,  let 

OC  be  the  new  axis  of  figure, 

OA  „  the  fixed  meridian  from  which  the  angle  u  is  measured, 
O^    „  yesterday's  axis  of  rotation, 
Ot    „  today's  axis  of  rotation, 

Oy'  „  the  projection  of  yesterday's  axis  on  the  equator  of  figure, 
Ot'    „  the  projection  of  today's  axis  on  the  equator  of  figure, 
db     „  the  day's  path  of  the  pole, 
Oy"  „  drawn  at  right  angles  to  Oy', 
Ot"   „  drawn  at  right  angles  to  Ot\ 
u=AOy', 
du-y'Ot\ 

dd=^aOh=^yOt^t\iQ  daily  angle  described  on  the  surface  of  the 
cone. 


It  is  evident  that  Oy"  is  perpendicular  to  the  meridian  COy'  (yester- 
day's), and  that  Ot"  is  perpendicular  to  the  meridian  COt'  (today's). 
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If  ^  be  the  angle  of  separation  between  the  axes  of  rotation  and  figure, 
or  semiangle  of  the  cone,  we  have 

e^^sssin  ^  du. 

The  solid  earth  revolves  with  an  angular  velocity,  Hi,  round  Oht  (toda/s 
axis),  while  the  ocean  revolves  with  the  same  rotation  round  Oay  (yester- 
day's axis). 

Let  F  be  a  coefficient  depending  on  the  friction  between  the  ocean  and 
its  bed,  and  such  that,  if  the  ocean  be  moving  relatively  to  the  earth  with 
any  angular  velocity, 

F  X  angular  velocity = couple  produced (5) 

Besolving  the  angular  velocity  of  the  ocean  round  Oy  (yesterday's 
axis)  into  its  components,  we  find  the  frictional  couples 

(1)  Bound  OC=Fw  cos  0, 
Eound  Oy'=Fw  sin  0. 

Besolving  the  latter  into  its  components,  we  find 

(2)  Bound  or =F«  sin  0f?u, 

(3)  Bound  0<'=F«  sin  ^(l-^y 

1.  The  component  of  the  ocean  rotation  round  OC  being  the  same  as 
that  of  the  solid  earth  (for  yesterday's  and  today's  axes  are  at  the  same 
distance  from  the  axis  of  figure),  there  is  no  frictional  couple  developed 
round  OC. 

2.  The  frictional  couple  round  Ot"  produces  its  full  effect,  for  there  is 
no  rotation  of  the  solid  earth  round  this  axis. 

3.  The  rotation  of  the  solid  earth  round  Ot'  is  w  sin  0,  and  the  compo- 
nent of  the  ocean  rotation  falls  short  of  this  by  the  quantity 

-wsm^^. 

Hence  we  have  a  frictional  couple  round  this  axis,  retarding  the  equa- 
torial rotation  and  equal  to 

— j«  sin  0  -JT-. 

The  frictional  component  round  the  axis  O^"  is  much  greater  than  that 
round  Olf ;  wherefore,  neglecting  the  latter  for  the  present,  and  resolv- 
ing the  couple  round  Ot"  round  the  axes  x  and  y,  we  have,  writing 

psswsin^, 

Tjdt  =  — Fp  sin  u  du, 

Mc2tB — Fp  cos  u  rfu, 

l^dt^O. 
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The  general  equations  (1)  become,  therefore, 

Adp+ (C— A)5r  eft  =  — Fp  sin  u  rfu,^ 
A(Jj+(A— C)prci<=— Fpcosttrfu,l   .    .    .    •    (6) 
Cdr^O.  J 

Transforming  p,  q  into  p,  u,  we  find,  after  some  redactions, 

Adp=:— Fpsin2uc{u,  "j 

Ac?u«=(C-A)rci<-Fco8  2ttcfu,l     .....    (7) 
CWr=0.  J 

Integrating  these  equations,  and  making  u,  <  yanish  together,  we 
obtain,  as  a  second  approximation  to  the  motion  of  the  pole. 


^,       ,.    Fsinucosu 


(8) 


These  equations  show  that  a  secondary  wabble  of  half  the  period  of  the 
primary  wabble  is  superadded  to  the  motion  of  the  pole,  which  continues 
to  rerolye  round  the  axis  of  figure  in  304*75  days,  with  the  component 
of  rotation  round  that  axis  always  constant ;  while  the  equatorial  com- 
ponent has  a  periodic  variation  passing  through  all  its  changes  in  152-37 
days ;  and  the  velocity  of  revolution  of  the  primary  wabble  is  not  uniform, 
but  also  subject  to  a  periodic  variation  of  152*37  days,  because  sin*  u 
and  sinucosu  pass  through  all  their  changes  in  half  a  revolution. 

F 

These  results  are  independent  of  the  magnitude  of  -j,  and  would  hold 

true  even  if  that  coefficient  were  large,  which  it  is  not.  The  motion  of 
the  pole  would  continue  for  ever,  compounded  of  the  primary  and 
secondary  wabbles;  and  in  order  to  obtain  the  effects  of  friction  in 
destroying  both  motions,  it  becomes  necessary  to  proceed  to  the  third 
approximation. 

Third  Approximation, 

We  must  now  introduce  into  the  equations  of  motion  the  frictional 
couple  acting  round  the  axis  Oi\  viz. 

F 

— o^'^^^^^^^'- 
Writing  for  Msin^  its  value  p,  we  find 

F 

Ac(jp+(C— A)^  efts— Fp  sinucfu—^p  <ftt' cos  u, 

Aci2+(A-C)pr(ft»-.Fp cos uc?u-|p(iu* sin u,  r*     •    •     •    W 
Cc^-0. 
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These  equations  may  be  transformed,  after  some  reductdons,  into  the 
following : — 

^=-P8in2urfu-Jcfu% 

P                              ^ 
Arfu=(C-A)rcft-Fco8  2ttrfu,  ' (^^) 

The  second  and  third  of  these  equations  are  the  same  as  the  second 
and  third  of  (7),  and  the  first  may  be  integrated  as  follows : — 

The  sum  of  {du^),  taken  through  an  entire  circumference,  is 
2(du^=2irdu. 
Hence,  if  we  assume  the  value  of  p  to  remain  constant  during  a  single 
wabble,  and  then  to  change  by  a  small  quantity,  remaining  constant  for 
the  next  wabble,  and  so  on ;  if 

Po>  Pi»  Pa Pn 

be  the  successive  values  of  p,  we  have,  since  the  periodic  term 

'•aw 


destroys  itself. 


Bm2udu 
logfM  — 


A    ' 


and,  in  general, 


or,  writing 


&c.  Ac.; 


log(^)=— »x' 


Tdu 


C-J-, 


PQ 

pi 


(11) 


Po 

The  equatorial  component  of  rotation,  />,  therefore  diminishes  in  geo- 
metrical progression,  and  finally  disappears  altogether,  leaving  the  earth's 
rotation  round  the  axis  of  figure  OC  equal  to  r. 

If  we  know  the  value  of  y  (depending  on  the  friction),  we  are  now 
prepared  to  calculate  from  (11)  how  long  it  would  take  to  reduce  p^ 
top». 
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Suppose 

9n 


?a=A'=««jr, 


then 

loge(A')=ny, 
or 

^^logeA; (12J 

y 

This  equation  determines  n,  the  number  of  wabbles  necessary  to  reduce 
Po  ^  P«»  where 

9n 

supposed  to  be  a  given  quantity. 

Let  us  now  proceed  to  calculate  the  coefficient  of  friction  from  the 
retardation  of  the  earth's  angular  velocity  produced  by  the  friction  of  the 
Tidal  Besidual  Current. 

This  retardation  amounts  to  one  second  in  the  length  of  the  day  in 
100,000  years*. 

The  accompanying  figure  shows  Newton's  construction  for  the  dis- 
turbing force  of  the  moon  upon  the  ocean.     The  moon  lies  in  tiie  direc- 


tion AC,  and  the  distance  of  the  moon  from  the  earth  (=60  AB)  repre- 
sents the  attraction  of  the  earth  at  the  distance  of  the  moon.  The  dis- 
turbing force  is  BC,  if  ACsBAD.  Let  ABsr,  then  the  tangential 
component  of  the  disturbing  force  is 

BC  sin  0=3r  sin  ^  cos  ^ 

Tangential  forces^  sin 2^ (13) 

The  relative  velocity  of  the  tide  is  thus  found, 

€iv=-^sin2^<ft. 

*  Delaunay,  <  Bur  le  nlentisMment  du  mouTement  de  rotation  de  1a  Tem '  (Bui^ 
1866). 
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If  w  be  the  angular  velocity  of  the  earth's  rotation, 

and 

3r 
rfv= — ^^8in2^c^, 

t;=?!:co8  20 (14) 

4« 

89 
Bemembering  that  the  earth's  attraction  upon  the  moon  is  ft. 

per  sec.,  we  have 

3r         3x89x86400 


4W     4x60xl0000x2ir 


=  1'63  ft.  per  sec. 


If  AC  be  the  line  joining  the  earth  and  moon,  the  relative  velocity  of 
the  tide  will  be  zero  at  the  points  e,  f,g,h;  the  maximum  easterly  velo- 


city wiU  occur  at  A  and  C,  and  the  maximum  westerly  velocity  at  B 
and  D  *.  If  r  were  constant  these  velocities  would  be  equal  and  opposite, 
and  the  earth's  rotation  would  not  be  affected  by  them ;  or,  in  other  words, 
there  would  be  no  Sesidual  Tidal  Current ;  but  since  in  reality  the  axis 
BD  exceeds  the  axis  AC  by  some  feet,  the  greatest  westerly  velocities 
will  exceed  the  greatest  easterly  velocities,  and  thence  will  result  a 
balance  of  tidal  current  retarding  the  earth's  rotation  and  lengthening 
the  day. 

If  &,  a  denote  the  lesser  and  greater  semiaxes  of  the  disturbed  water 

surface,  and 

a-6 


*  From  /to  g,  and  from  htoe,  the  water  is  moving  faster  than  the  earth ,  and  from 
gtoh,  and  from  e  to/,  the  water  is  moTing  slower  than  the  earth. 
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we  shall  have 

Maximum  Westerly  Current  at  B  and  D=--, 

or 

MftTimum  Easterly  Current  at  A  and  C  »-_, 

4«# 

Differences^  e. 

From  (14)  we  have, 

3r 
t;c2^s--cos20c2^; 
4« 

but 

r«a(l-€C08>^), (15) 

therefore 

vc?^  s=p.  COS  2^1 — e  cos'  ff)d^. 

This  is  to  be  integrated  all  round  the  ciicumf  erenee,  in  which  process 
the  periodic  terms  disappear,  and  we  find 

and,  finally, 

r""-*"" <"' 

The  mean  radius  of  the  earth  is 

3958  mile8-3958x52d0  fts20,898240; 
say  21  million  ft. ;  hence,  assuming  a— (b3  ft., 
_       1 
^    7,000000' 
therefore 

Eesidual  Tidal  Currents-  ^        r^      x  |  ft.  per  second. 
The  angular  velocity  of  the  Besidual  Tidal  Current  will  therefore  be 


7,000000x21,000000      2 
The  retardation  of  angular  velocity  caused  by  friction  is  equal  to 

F  X  time  x  angular  velocity 

moment  of  inertia        * 
or 

F^  l-53<  «; 

C  ^  7,000000  x  21,000000  ^  2* 


(5) 
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This  retardation  (according  to  Adams  and  Delaunay)  amounts  to  one 
second  in  the  length  of  the  daj  daring  100000  years ;  hence  we  obtain 

F 

the  following  equation  to  determine  the  value  of  ^ : — 

F    1-53  X 100000  X  365-25  x  86400     ir_     1 
C  ^         7,000000x21,000000         ^  2""  86400' 

Hence,  finally, 

F_2  7,000000X21,000000' 


C""x    1-53  X 100000  X  365-25  x  (86400)«' 
which  gives 

F       1 

0*4457 ^^^^ 

We  have  akeady  defined 

^""    A   * 

But  du  is  the  daily  change  of  angle  in  the  position  of  the  equatorial 
axis  of  rotation,  p,  and  is  equal  to 


304-75' 

p 

1 
'4457' 

c 

307 
"306- 

2»-'x307 

4457: 

<  306x304-75' 

r,     1 

Hence 

which  gives 

68,588 

We  are  now  in  a  condition  to  apply  equation  (12)  to  determine  how 
long  it  would  take  to  destroy  a  wabble  of  69  miles,  if  suddenly  produced. 

Our  astronomical  instruments  are  now  so  perfect  that  an  annual  dis- 
placement of  10  ft.  in  the  pole  could  be  detected.  This  would  correspond 
with  a  radius  of  5  ft.,  inst^  of  69  miles,  for  our  wabble. 

Hence 

A'»&««9i^.72.864. 


Hence 


n«l2Sf:^=log.  (72,864)  x  68,588, 
=767,940  wabbles, 
^^''^^X  767,940  years. 


365-25 
B  640,730  yean. 
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From  the  preceding  investigatdoii  it  appears,  if  Asia  and  Eorope  were 
manufactured,  per  saUum^  causing  a  sudden  displacement  of  the  axis  of 
figure  through  69  miles,  that  this  event  cannot  have  happened  at  an 
epoch  less  than  641,000  years  before  the  present  time,  and  that  tiiis 
event  may  have  occurred  at  an  epoch  much  more  remote. 

It  is  highly  improbable  that  the  elevation  of  the  nummulitic  lime- 
stone took  place  so  rapidly;  and  I  shall  therefore  discuss  several  cases  of 
supposed  slower  elevation. 

1.  Let  the  displacement  of  the  axis  of  figure  caused  by  the  manufac- 
ture of  Asia  and  Europe  have  been  due  to  69  geological  convulsiona, 
each  of  which  displaced  the  axis  of  figure  through  one  mile,  and  let  tiie 
radius  of  the  wabble  be  reduced  from  one  mile  to  5  feet  in  the  interval 
between  each  two  successive  convulsions. 

From  equation  (12)  we  have 

The  interval  between  two  successive  convulsions 
-  log.  (^)x  68,588, 

—477,620  wabbles, 
3,420  years. 


Total  time  occupied  in  the  manufacture  of  Asia  and  Europe 
=  398,420x69, 
-27,491,000  years; 

say,  27i  million  years. 

From  this  it  also  appears  that  no  geological  change,  altering  the  podticni 
of  the  axis  of  figure  through  one  mile,  can  have  taken  place  within  the  past 
400,000  years. 

2.  Let  us  suppose  that  the  Earth's  wabble  has  the  minimum  obe^raUe 
radius  of  5  ft.,  and  that  geological  changes  take  place  at  such  a  rate  that 
the  increase  of  this  radius  is  exactly  destroyed  by  friction  during  each 
wabble,  so  that  the  radius  of  5  ft.  continues  constant. 

We  now  have 

where  z  is  the  displacement  of  the  axis  of  figure  during  305  days. 
Equation  (12)  becomes 


log/l-J)x  68588-1, 


or 

Z«s  ft. 

13718 
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At  this  rate  of  geological  change  the  total  time  required  for  the  manu- 
facture of  Asia  and  Europe  would  be 

69  X  5280  X  13718=4997,600,000  wabbles, 

s4170  million  years. 

Assuming  the  minor  limit  of  the  epoch  of  the  elevation  of  the  nummu- 
litic  limestone  to  be  640,000  years,  we  can  assign  an  approximate  minor 
limit  to  the  whole  period  during  which  stratified  rocks  have  been  forming 
on  the  surface  of  the  globe,  assuming  the  rate  of  deposition  to  have  been, 
on  the  whole,  constant. 

The  following  Table  gives  the  approximate  thickness  of  the  several 
geological  strata  in  Europe  : — 

f6et. 

1.  Bozoio. 26,000 

2.  LowBt  Paijsozoio..  ..  jlf''*'-?!!"^ 25.000 

I  Upper  Silurian 5,500 

f  Devonian 9,150 

3.  Upebb  Paljbozoio <  Carboniferous   14,600 

I  Permian    3,000 

i^Triassic 2,200 

I  Jurassic     4,590 

4.  Neozoic ^  Cretaceous    11,283 

j  Nummulitic 3,000 

iTertiary     6,000 

Total 110,323 

The  proportion  which  the  total  thickness  of  strata  bears  to  that  of 
the  Tertiary  beds  is  as 

110,323  to  6000. 

Hence  the  minor  limit  aasignahle  to  geological  time  is 

110323x640730 


6000 


ai,700000  years, 


or  12  million  years  in  round  numbers. 

It  is  extremely  improbable  that  the  continent  of  Asia  and  Europe  was 
formed  per  saltumy  and  therefore  our  minor  limit  of  time  is  probably  far 
short  of  the  reality. 

If  Europe  and  Asia  were  formed  in  a  million  years,  which  is  27|  times 
as  rapid  as  supposition  No.  1,  the  total  duration  of  geological  time  would 
be  nearly  37  millions  of  years. 

Whatever  may  have  been  the  time  actually  employed  in  the  manufac- 
ture of  Asia  and  Europe,  that  process  must  have  increased  the  length  of 
day  by  an  amount  which  may  be  thus  calculated  : — 
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Let  m^  and  r^  be  the  original  and  present  angolar  vdodiy,  and  p^  the 
equatorial  component  which  is  destroyed  by  friction.    Then 


Bat 
therefore 


-t-\/W''*<^)'- <"> 


fip-tanr; 
r 


!!?«1-00015234. 


Hence  the  original  length  of  the  day  was 

,— ?^l^=86386-8  seconds. 
1-00015234 

Hence  the  formation  of  Asia  and  Europe  had  the  effect  of  lengthening 
the  day  by  13*2  seconds,  no  matter  at  what  rate  the  formation  took  place. 


III.  "  On  certain  Movements  of  Radiometers.**    By  G.  G.  Stokes^ 
M.A.,  Sec.  R.S.     B^ceived  November  1, 1877. 

Nearly  two  years  ago  Mr.  Crookes  was  so  good  as  to  present  me  with 
two  of  his  beautiful  radiometers  of  different  constructions,  the  disks  of  one 
being  made  of  pith,  and  those  of  the  other  of  roasted  mica,  in  each  case 
blackened  with  lampblack  on  one  face.  With  these  I  was  enabled  to  make 
some  experiments,  having  relation  to  their  apparently  anomalous  move- 
ments under  certain  circumstances,  which  were  very  interesting  to  myself, 
although  the  facts  are  only  such  as  have  already  presented  themselves  to 
Mr.  Crookes,  either  in  the  actual  form  in  which  I  witnessed  them,  or  in 
one  closely  analogous,  and  have  mostly  been  described  by  him.  Although 
it  will  be  necessary  for  me  to  describe  the  actual  experiments,  which  have 
all  been  repeated  over  and  orer  again  so  as  to  make  sure  of  the  results,! 
do  not  bring  forward  the  facts  as  new.  My  object  is  rather  to  endeavour 
to  coordinate  them,  and  point  to  the  conclusions  to  which  they  appear  to 
lead. 

I  do  not  pretend  that  these  conclusions  are  established ;  I  am  well 
aware  that  they  need  to  be  further  confronted  with  observation ;  but  as  I 
have  not  leisure  to  engage  in  a  series  of  experiments  which  would  demand 
the  expenditure  of  a  good  deal  of  time,  and  have  lately  been  urged  by  a 
friend  to  publish  my  views,  I  venture  to  lay  them  before  the  Boyal  Society, 
in  hopes  that  they  may  be  of  some  use,  even  if  only  in  the  way  of  stimu- 
lating inquiry. 

In  describing  my  experiments  I  will  designate  that  direction  of  rotation 
in  which  the  white  &ce  precedes  as  positive,  and  the  reverse  as  negative. 
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It  win  be  remembered  that,  under  ordinary  circumstances,  radiation  to- 
wards either  radiometer  produces  positive  rotation. 

1.  If  a  glass  tumbler  be  heated  to  the  temperature  of  boiling  water, 
and  inyerted  over  the  mica  radiometer,  there  is  little  or  no  immediate 
motion  of  the  fly ;  but  quickly  a  negative  rotation  sets  in,  feeble  at  first, 
but  rapidly  becoming  lively,  and  presently  dying  away. 

2.  If  after  the  fly  has  come  to  rest  the  hot  tumbler  be  removed,  ajposi- 
five  rotation  soon  sets  in,  which  becomes  pretty  lively,  and  then  gradually 
dies  away  as  the  apparatus  cools. 

8.  If  the  tumbler  be  heated  to  a  somewhat  higher  temperature,  on  first 
inverting  it  over  the  radiometer  there  is  a  slight  positive  rotation,  com- 
mencing with  the  promptitude  usual  in  the  case  of  a  feeble  luminous 
radiation,  but  quickly  succeeded  by  the  negative  rotation  already  de- 
scribed. If  the  tumbler  be  heated  still  more  highly,  the  initial  positive 
rotation  is  stronger  and  lasts  longer,  and  the  subsequent  negative  rota- 
tion is  tardy  and  feeble. 

4.  If  the  pith  radiometer  be  treated  as  in  §  1,  the  result  is  the  same, 
with  the  remarkable  difEerence  that  the  rotation  is  positive  instead  of 
negative ;  it  is  also  less  lively. 

6.  But  if  the  tumbler  be  removed  when  the  fly  has  come  to  rest,  it 
remains  at  rest,  or  nearly  so. 

6.  If  the  tumbler  be  more  strongly  heated,  positive  rotation  begins  as 
promptly  as  with  light.  In  this  case  the  tumbler  must  not  be  left  long 
over  the  radiometer,  for  fear  the  vacuum  should  be  spoiled  by  the  evolu- 
tion of  gas  from  the  pith. 

7.  If  the  tumbler  be  heated  by  holding  it  oyer  the  spout  of  a  kettle 
from  which  steam  is  issuing,  and  held  there  till  the  condensation  of  water 
has'approximately  ceased,  and  be  then  inverted  over  the  pith  radiometer, 
the  bulb  is  immediately  bedewed,  and  a  negative  rotation  is  almost 
immediately  set  up,  though  sometimes,  just  at  the  very  first  moment,  there 
is  a  trace  of  positive  rotation.  The  negative  rotation  is  lively,  but  not 
lasting;  and,  after  15  seconds  or  so, is  exchanged  for  a  positive  rotation, 
which  is  not  lively,  but  lasts  longer. 

8.  If  the  tumbler  be  lifted  when  the  negative  rotation  has  ceased,  and 
the  dewed  surface  be  strongly  blown  upon,  a  lively,  but  brief,  positive 
rotation  is  set  up. 

9.  To  produce  positive  rotation  by  blowing,  it  is  not  essential  tlmt  the 
bulb  be  wet.  If  it  be  merely  warm,  and  the  circumstances  are  such  that 
the  fly  is  at  rest  for  the  moment,  or  nearly  so,  blowing  produces  positive 
rotation,  though  much  less  strongly  than  when  the  bulb  is  wet. 

10.  If  the  tumbler  be  heated  as  in  §  7,  and  inverted  over  the  mica 
radiometer,  the  rotation  is  positive,  as  when  the  tumbler  is  dry. 

11.  If  the  tumbler  or  a  cup  be  smoked  inside  (to  facilitate  radiation), 
heated  to  a  little  beyond  the  temperature  of  boiling  water,  and  inverted 
over  the  pith  radiometer,  a  positive  rotation  is  produced ;  and  if,  whei^ 
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tills  has  ceased,  which  takes  place  in  a  couple  of  minutes  or  so,  the  heated 
yessel  be  removed,  a  negative,  though  not  lively,  rotation  is  produced  as 
the  apparatus  cools. 

12.  These  results  do  not  seem  difficult  to  coordinate  so  far  as  to  reduce 
them  to  their  proximate  cause. 

As  regards  the  small  quantity,  if  any,  of  heat  radiated  directly  across 
the  glass  of  the  bulb,  the  action  of  which  was  experimentally  distin- 
guishable by  its  promptitude,  both  radiometers  behaved  in  the  ordinary 
way. 

13.  As  regards  the  mica  radiometer,  when  the  bulb  gets  heated,  and 
radiates  towards  the  fly,  the  fly  is  impelled  in  the  negative  direction,  as 
if  the  white,  pearly  mica  were  black  and  the  lampblack  were  white.  And 
there  is  nothing  opposed  to  what  we  know  in  supposing  that  such  is  reallff 
their  relative  order  of  darkness  as  regards  the  heat  of  low  refrangibility 
absorbed  and  radiated  by  the  glass ;  for  the  researches  of  Melloni  and 
others  have  shown  that  lampblack  is,  if  not  absolutely  white,  at  any  rate 
very  far  from  black  as  regards  heat  of  low  refrangibility.  On  the  other 
hand,  glass  and  mica  are  both  silicates,  not  so  very  dissimilar  in  chemical 
composition ;  and  it  would  not  therefore  be  very  wonderful,  but  rather  the 
reverse,  if  there  were  a  general  similarity  in  their  mode  of  absorption  of 
radiant  heat,  so  that  the  heat  most  freely  radiated  by  glass,  and  accord- 
ingly abounding  in  the  radiation  from  thin  glass  such  as  that  of  the  bulb, 
were  greedily  absorbed  by  mica.  The  explanation  of  the  reversal  of  the 
action  when  heat  and  cold  were  interchanged  is  too  well  known  to  require 
mention. 

14.  With  the  pith  radiometer,  when  the  bulb  as  a  whole  is  heated,  and 
radiates  towards  the  fly,  the  impulse  is  positive,  though  less  strong  than 
in  the  case  of  the  mica  (§  4) ;  and  when  the  bulb  as  a  whole  is  cooler  than 
the  fly  the  impulse  is  negative  (§  11). 

But  to  explain  all  the  phenomena  we  must  dissect  the  total  radiation 
from  or  towards  the  bulb.  When  I  first  noticed  the  negative  rotation 
produced  by  a  heated  wet  tumbler,  I  was  disposed  to  attribute  it  to  radia- 
tion from  the  water,  which  possibly  the  glass  of  the  bulb  might  be  thin 
enough  to  let  pass ;  but  when  I  found  that  hot  water  in  a  glass  vessel 
outside,  even  though  the  glass  of  it  were  thin,  produced  no  sensible  effect, 
and  that  blowiug  on  the  heated  bulb  when  it  was  dry  produced  a  similar 
effect  to  blowing  on  it  when  dewed,  though  of  much  less  amount,  I  per- 
ceived that  the  moisture  acted,  not  by  direct  radiation  from  it,  and  in  conse- 
quence of  a  difference  of  quality  between  the  radiations  from  glass  and 
water,  but  by  causing  a  rapid  superficial  heating  of  the  bulb;  and, 
similarly,  the  blowing  on  the  dewed  surface  acted  by  causing  a  rapid 
superficial  cooling.  When  the  dry  tumbler  radiates  to  the  bulb,  the 
radiation  is  absorbed  at  various  depths  ;  the  absorption  is  most  copious, 
it  is  true,  at  the  outer  strata;  but  still  the  change  of  temperature  is  not 
by  any  means  so  much  confined  to  the  immediate  sur&ce  as  when  we 
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have  to  deal  with  the  latent  heat  of  vapour  condensed  on  it,  or  obtained 
from  it  by  rapid  evaporation. 

Hence,  thin  as  is  the  glass  of  the  bulb  (about  0*02  in.  thick),  we  must 
still,  in  imagination,  divide  it  into  an  outer  and  inner  stratum,  and  exa- 
mine the  effects  of  these  separately.  The  heat  radiated  by  either  stratum 
depends  only  on  its  temperature ;  but  the  radiation  from  the  outer,  on  it« 
way  to  the  fly,  is  sifted  by  passing  through  the  inner,  and  the  portion 
for  which  glass  is  most  excessively  opaque  is  in  great  part  stopped.  It 
appears  from  the  obsened  results  that  the  residue  acts  decidedly  nega- 
tively, while  when  the  bulb  is  pretty  uniformly  heated  there  is  positive 
action.  We  may  infer  that  if  it  were  possible  to  heat  the  inner  stratum 
alone  it  would  manifest  a  very  decided  positive  action. 

15.  In  the  struggle  between  the  opposing  actions  of  the  outer  and 
inner  strata  we  see  the  explanation  of  the  strange  behaviour  of  the  pith 
radiometer.  In  the  experiment  of  §  7  the  outer  stratum  at  first  shows 
its  negative  action ;  but  quickly  the  inner  also  gets  heated,  partly  by  con- 
duction from  the  outer,  partly  by  direct  radiation  from  the  tumbler,  and 
then  the  inner  prevails.  In  the  experiment  of  §  5  the  whole  bulb  cools, 
partly  by  radiation,  partly  by  convection,  while  the  fly  remains  warmer ; 
and  the  slightly  greater  coolness  of  the  outer  than  of  the  inner  stratum 
makes  up  for  the  superiority  of  the  inner  when  the  two  are  equally  cool, 
so  that  the  antagonistic  actions  nearly  balance,  and  slight  causes,  such  as 
greater  or  less  agitation  of  the  air,  suffice  to  make  the  balance  incline  one 
way  or  other.  That  the  inner  stratum  would  prevail  if  the  two  were 
about  equally  cooled  may  be  inferred  from  the  behaviour  of  the  radiometer 
when  the  bulb  is  pretty  uniformly  heated  (§§  4,  11),  or  shown  more 
directly  by  cooling  the  bulb  with  snow,  when  a  negative  rotation  may  be 
obtained. 

16.  The  complete  definition  of  a  radiation  would  involve  the  expres- 
sion of  the  intensity  of  each  component  of  it  as  a  function  of  some 
quantity  serving  to  define  the  quality  of  the  component,  such  as  its  re- 
fractive index  in  a  standard  medium,  or  its  wave-length,  or  the  squared 
reciprocal  of  the  wave-length  *.  The  experimental  determination  of  the 
character,  as  thus  defined,  of  a  radiation  consisting  of  invisible  heat^rays 
is  beset  with  difficulties,  at  least  in  the  case  of  heat  of  extremely  low 
refrangibility ;  and  in  general  we  can  do  little  more  than  speak  in  a  rough 
way  of  the  radiation  as  being  of  such  or  such  a  kind.  It  is  obvious  that 
the  behaviour  of  radiometers  by  itself  alone  affords  no  indication  of  the 
refrangibilities  of  the  kinds  of  heat  with  which  we  have  to  deal ;  never- 
theless, by  combining  what  we  know  of  the  behaviour  of  bodies  in  respect 

*  A  map  of  the  spectrum,  constructed  with  the  squared  reciprocals  of  the  wave-lengths 
for  abscissas,  would  be  referred  to  a  natural  standard,  no  less  than  that  of  Angstrom, 
which  is  constructed  according  to  wave-lengths ;  while  it  would  have  the  great  advan- 
tage of  admitting  of  ready  comparison  with  refraction  hpectra,  the  kind  almost 
always  used. 
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to  radiations  in  general  (especially  luminous  radiations,  which  are  the 
most  easily  studied)  with  what  we  observe  as  to  the  motions  of  radio- 
meters, we  may  arrive  at  some  probable  conclusions. 

17.  We  may  evidently  conceive  a  series  of  ethereal,  vibrations  of  any 
periodic  time,  however  great,  to  be  incident  on  a  homogeneoos  medium 
such  as  glass,  and  inquire  in  what  manner  the  rate  of  absorpticm  wonld 
change  with  the  period ;  though  whether  we  can  actually  produce  etiiereal 
vibrations  of  a  very  long  period  is  another  question,  seeing  that  we  can 
only  act  on  the  ether  by  the  intervention  of  matter,  and  are  limited  to 
such  periods  of  vibration  as  matter  can  assume  when  vibrating  molecu- 
larly,  in  a  manner  communicable  to  the  ether,  and  not  as  a  continuoiis 
mass,  in  the  manner  of  the  vibrations  which  produce  sound.  We  may 
inquire  whether,  on  continually  increasing  the  period  of  vibration,  the 
glass  (or  other  medium)  would  ultimately  become  and  remain  very 
opaque,  or  whether,  after  passing  through  a  range  of  opacity,  it  would 
become  transparent  again,  on  still  further  increasing  the  period  of  the 
incident  vibrations. 

18.  This  is  a  question  the  experimental  answer  to  which,  as  it  seems 
to  me,  could  only  be  given,  in  so  &r  as  it  could  be  given  at  all,  as  a  result 
of  a  long  series  of  experiments,  of  a  kind  that  Melloni  has  barely  touched 
on.  A  variety  of  considerations,  which  I  could  not  explain  in  short  com- 
pass, lead  me  to  regard  the  second  alternative  as  the  more  probable, 
namely,  that,  on  increasing  the  periodic  time,  homogeneous  substances  in 
general  (perhaps  even  metals,  though  this  is  doubtful)  become  at  last 
transparent,  or  at  least  comparatively  so.  The  limit  of  opacify,  in  all  pro- 
bability, varies  from  one  substance  to  another ;  and  the  lower  it  is,  the 
lower  would  be  the  lowest  refrangibilify  of  the  radiation  which  the  same 
substance  is  capable  of  emitting. 

19.  In  what  immediately  follows  I  shall  suppose  accordingly  that  glass 
is  strongly  absorbing  through  a  certain  range  of  low  refrangiUlity,  on 
both  sides  of  which  it  gradually  becomes  transparent  again*.  Imagine  a 
spectrum  containing  radiations  of  all  refrangibilities  with  which  we  have 
to  deal ;  let  portions  of  this  spectrum  on  the  two  sides  of  fhe  region  of 
powerful  absorption  for  glass  be  called  wings  of  that  region,  and  let  left  to 
right  be  the  order  of  increasing  refrangibility.  Then  the  spectrum  of  the 
radiation  from  a  thin  plate  of  glass,  if  it  could  be  observed,  would  be 
seen  to  occupy  the  region  of  chief  absorbing  (and  therefore  einitting) 
power  and  its  wings,  ^e  spectrum  of  the  radiation  from  the  outer 
stratum  of  the  bulb  of  the  pith  radiometer,  after  transmission  through  the 
inner,  would  consist  of  two  wings,  with  a  blank,  or  nearly  blank,  space 
between ;  it  would  resemble,  in  fact,  a  widened  bright  spectral  line,  witii 

*  It  may  be  noticed  that  this  suppositioii,  which,  as  appearing  the  more  probable, 
is  adopted  for  deamees  of  conception,  is  not  eeeentially  involTcd  in  the  explanation 
that  follows,  which  would  hardly  be  dianged  if  the  "left  wing"  ww«  not  terminated 
on  the  left. 
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a  dark  band  of  reyersal  in  its  middle,  save  that,  instead  of  being  confined 
to  extremely  narrow  limits  of  refrangibilify,  the  central  space  and  its 
wings  would  be  of  wide  extent.  It  follows  from  the  experiments  that,  in 
the  complete  radiation  from  glass,  the  portions  of  the  spectrum  called  the 
wings  together  act  negatively,  the  portion  between  positively.  It  does 
not,  of  course,  follow  that  each  wing  acts  negatively,  but  only  that  the 
balance  of  the  two  is  negative.  When  the  tumbler  is  heated  a  little  over 
212^  there  is  a  slight  positive  action  from  radiation  which  passes  directly 
through  the  bulb.  The  circumstances  lead  us  to  regard  this  as  an  exten- 
sion of  the  right  wing ;  for  it  comes  from  a  depth,  measured  from  the 
inner  surface  of  the  bulb  in  glass,  ».  e.  not  counting  the  intervening  air, 
somewhat  greater  than  the  thickness  of  the  wall  of  the  bulb ;  and  we 
know  that  the  more  a  solid  body  is  heated,  the  higher,  as  a  rule,  does  the 
refrangibility  of  the  radiation  which  it  emits  .extend,  and  the  greater  the 
proportion  of  rays  of  high  to  those  of  low  refrangibility.  It  is  simplest, 
therefore,  to  suppose  that  the  action  of  the  right  wing,  like  tliat  <rf  the 
space  between  the  wings,  is  positive,  and  that  the  observed  negative 
action  in  the  experiment  of  §  7  is  due  to  the  excess  of  negative  action  of 
the  left  wing  over  positive  action  of  the  right.  In  the  mica  radiometer 
the  experiments  indicate  no  such  difference  of  action  in  the  different 
layers  of  the  bulb  as  in  the  case  of  the  pith  radiometer.  Hence  taking, 
in  accordance  with  what  now  appears  to  be  made  out  to  be  the  theory  of 
the  motion  of  the  radiometer,  the  direction  in  which  the  fly  is  impelled 
as  an  indication  which  is  the  warmer  of  the  two  &oes  of  the  disks,  and 
that  again  as  an  indication  which  is  the  darker  with  respect  to  the  radia- 
tion to  which  it  is  exposed,  we  arrive  at  the  following  results  as  regards 
the  order  of  darkness  of  the  substances  for  the  three  regions  into  which 
the  spectrum  of  the  incident  radiation  has  been  supposed  to  be  divided, 
the  name  of  the  lighter  substance  being  in  each  case  placed  above  that  of 
the  darker : — 

From  pith  radiometer  ...|  pJ^P^***'*'- 

Prom  mica  radiometer |  ^^         * 

Hence,  on  descending  in  refrangibility,  the  order  of  darkness  of  the 
two  substances  of  either  pair  is  at  first  the  same  as  for  the  visible  spectrum, 
and  at  last  the  opposite ;  and  the  reversal  of  the  order  takes  place  sooner 
with  mica  and  liunpblack  than  with  pith  and  lampblack.  The  order 
falls  in  very  well  with  that  of  the  chemical  complexity  of  the  three 
substances. 

20.  The  whole  subject  of  the  behaviour  of  bodies  with  respect  to 
radiant  heat  of  the  lowest  degrees  of  refrangibility  seems  to  me  to  need  a 
tiiorough  experimental  investigation.    The  investigation,  however,  is  one 
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involving  considerable  difficulty.  We  can  do  little  towards  classifying 
the  rays  with  which  we  are  working  unless  we  can  form  a  pure  spectrum. 
A  refraction-spectrum  is  the  most  convenient ;  but  the  only  substance 
known  which  would  be  approximately  suitable  for  forming  the  prism, 
lens,  &c.  required  for  such  a  spectrum,  and  for  confining  liquids,  is  rock- 
salt,  of  which  it  is  extremely  difficult  to  procure  perfectly  limpid  speci- 
mens of  any  size ;  and  even  rock-salt  itself,  as  Professor  Balfour  Stewart 
has  shown,  is  defective  in  transparency  for  certain  kinds  of  radiant  heat. 
Then,  again,  the  only  suitable  measuring-instrument  for  such  researches, 
the  thermopile,  demands  a  thorough  examination  with  reference  to  the 
coating  to  be  employed  for  absorbing  the  incident  radiation.  Hitherto 
lampblack  has  been  used  almost  exclusively  for  the  purpose ;  and  it  is 
commonly  assumed,  in  accordance  with  certain  of  Melloni's  results,  that 
lampblack  absorbs  equally  heat-rays  of  all  kinds.  But  the  experiments 
by  which  Melloni  established  the  partial  diathermancy  of  hunpblack 
prove  that  rays  exist  for  the  absorption  of  which  that  substance  is  un- 
suitable. 

On  calling  on  Mr.  Crookes  after  the  above  was  written,  I  was  surprised 
to  find  that  all  his  mica  radiometers  behaved  towards  a  heated  glass  shade 
in  the  opposite  way  to  that  he  had  given  me,  going  round  positively  in- 
stead of  negatively.  Mr.  Crookes  showed  me  and  gave  me  a  specimen  of 
the  kind  of  mica  he  employs,  as  eminently  convenient  for  manipulation. 
It  is  found  naturally  in  a  condition  resembling  artificially  roasted  mica. 
It  is  not,  however,  quite  so  opaque  for  transmitted  light,  nor  of  quite 
such  a  pearly  whiteness  for  reflected  b'ght  as  that  which  has  been  arti- 
ficially roasted  at  a  high  temperature.  The  mica  radiometer  that  Mr. 
Crookes  first  gave  me,  which  I  will  call  M^,  was,  Mr.  Gimingham  told 
me,  the  only  one  they  had  made  with  roasted  mica. 

Mr.  Crookes  was  so  kind  as  to  give  me,  for  comparative  experiment, 
a  mica  radiometer,  which  I  will  call  M,,  made  from  the  natural  foliated 
mica.  It  revolves  a  good  deal  more  quickly  than  M^  under  the  influence 
of  light ;  it  also  gets  more  quickly  under  way,  indicating  that  the  mica  is 
thinner.  When  covered  with  a  hot  glass  it  revolves  positively,  as  already 
remarked ;  there  is,  however,  but  little  negative  rotation  when  the  glass 
is  removed. 

The  difference  in  the  thickness  and  condition  of  the  mica  sufficiently 
explains  the  difference  of  behaviour  of  M^  and  M,.  Any  radiant  heat 
incident  on  the  white  face  that  reaches  the  middle  of  the  mica,  whether 
it  afterwards  is  absorbed  by  the  mica  or  reaches  and  is  absorbed  by  the 
lampblack,  tends  te  heat  the  second  or  blackened  fsLce  more  than  the  first, 
and  therefore  conspires  with  the  heat  incident  on  the  lampblack,  and 
absorbed  by  it,  to  produce  positive  rotation ;  and  the  smaller  thickness 
and  less  fine  foliation  of  the  natural  mica  are  favourable  to  the  transmis- 
sion of  radiant  heat  to  such  a  depth. 
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P.S. — ^It  migbt  be  supposed  at  first  sight  that  the  change  of  rota- 
tion from  negative  to  positive  (in  §  7)  was  due,  not  to  a  change  in  the 
conditions  of  absorption,  but  to  the  circumstance  that  the  inner  surface 
of  the  bulb  had  become  warm  by  conduction,  so  as  to  be  warmer  than  the 
surfaces  of  the  fly  instead  of  colder.  For  we  now  know  that  the  "  repul- 
,  sion  resulting  from  radiation,"  as  in  some  way  or  other  it  undoubtedly 
does  result,  is  an  indirect  effect,  in  which  radiation  acts  only  through  the 
alterations  it  occasions  in  the  superficial  temperatures  of  the  solids  in 
contact  with  the  rarefied  gas  ;  and  it  might  be  supposed  that  when  the 
inner  surface  of  the  bulb  passed  irom  colder  than  the  fly  to  warmer,  the 
direction  of  rotation  would,  on  that  account  alone,  be  reversed.  This, 
however,  is  not  so.  If  bulb  and  fly  are  at  a  common  temperature,  and 
the  instrument  is  protected  from  radiation,  the  fly  remains  at  rest  whether 
the  common  temperature  be  high  or  low.  If  a  small  portion  of  the  total 
surface  in  contact  with  the  rarefied  gas  be  warmed  by  any  means,  repul- 
sion takes  place,  through  the  intervention  of  the  rarefied  gas,  between 
the  warmed  sur&ce  and  the  opposed  surfaces,  if  not  too  distant ;  if  it  be 
cooled,  the  result  is  attraction.  It  does  not  matter  whether  the  surface  at 
the  exceptional  temperature  belong  to  the  fly  or  the  bulb.  The  former 
takes  place  in  the  ordinary  case  of  a  radiomter  exposed  to  radiation,  the 
latter  in  that  of  a  radiometer  at  a  uniform  temperature  and  protected 
from  radiation  when  a  small  portion  of  the  bulb  is  warmed  or  cooled,  in 
which  case  the  part  at  the  exceptional  temperature  repels  or  attracts  the 
disk  irrespectively  of  its  colour  or  the  nature  of  its  coating*.  Suppose 
now  that  the  fly  is  being  warmed  by  radiation  from  without,  the  bulb 
being  cool,  at  least  at  its  inner  surface.  Let  A,  B  be  the  two  kinds  of 
faces  of  the  disks,  and  suppose  A  to  be  the  better  absorber  of  the  total 
radiation.  Then  A  will  be  the  warmer,  and  therefore  will  be  more 
strongly  repelled  than  B.  Suppose  now  that  the  bulb  is  heated  till  its 
inner  surface  becomes  warmer  than  the  fly.  Then  the  fly  will  still  be 
receiving  heat  by  radiation,  to  some  extent  also  by  communication  from 
the  gas ;  but  this  will  be  the  same  for  both  faces.  Hence  if  A  be  still  the 
better  absorber  of  the  two  (A,  B),  A  will  be  the  warmer,  and  being  less 
below  the  temperature  of  the  interior  surface  of  the  fly  will  be  less 
attracted,  or,  which  is  the  same,  more  repelled.  Hence,  whether  the 
inner  surface  of  the  bulb  be  cooler  or  hotter  than  the  fly,  a  reversal  in 
the  direction  of  rotation,  while  the  fly  is  being  heated,  indicates  a  reversal 
in  the  order  of  absorbing  power  of  the  two  &ces,  and  that,  again,  shows 

*  Theoreticallj  there  would  be  a  minute  difference  of  temperature,  produced,  other 
circumstances  being  alike,  by  the  difference  in  the  absorbing  or  emitting  power  of  the 
two  faces  of  a  disk,  as  regards  the  radiation  which  is  the  difference  between  the  radia- 
tions from  or  towards  the  affected  portion  of  the  bulb  and  the  ^ame  portion  at  the 
normal  temperature,  ^ut  this,  and  the  repulsion  or  attraction  corresponding  to  it, 
would  be  only  a  small  quantity  of  the  second  order,  the  main  effect  being  deemed  one 
of  the  first  order. 
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that  the  order  is  different  for  different  components  of  the  total  radia- 
tion, and  that  l^e  ratio  of  the  intensity  of  those  components  has  been 
changed. 

It  is  perhaps  hardly  necessary  to  observe  that  the  radiometers  men- 
tioned in  this  paper  are  of  the  usual  form — ^that  is  to  say,  that  th^r  arms 
are  symmetrical,  so  far  as  figure  is  concerned,  with  respect  to  a  vertical  ^ 
plane  passing  through  the  point  of  support.  Accordingly  the  rotation 
which  is  attained,  for  instance,  with  a  radiometer  with  concaye  disks  of 
aluminium,  alike  as  to  material  on  both  faces  (of  which  kind,  again,  I  owe 
a  beautiful  specimen  to  Mr.  Grookes's  kindness),  has  not  been  referred  to. 
This  rotation,  depending  on  the  more  favourable  presentation,  to  the  bulb, 
of  the  outer  (and  therefore  nearer  and  more  efficient)  portions  of  the  fly 
on  the  convex  than  on  the  concave  side,  has  nothing  to  do  with  the  one 
isolated  subject  to  which  the  present  paper  relates,  namely,  Uie  docida- 
tion  of  the  peculiar  behaviour  in  certain  cases  of  certain  kinds  of  radio- 
meters, by  a  consideraticm  of  the  heterogeneous  character  of  the  total 
heat-radiation. 

November  20, 1877. 

2nd  P.S. — This  morning  I  received  from  Mr.  Crookes  an  account  of  ^ 
behaviour  of  a  kind  of  radiometer  which  he  was  so  good  as  to  construct  at 
my  suggestion.  The  consideration  of  an  experiment  mentioned  in  a  paper 
of  his  presented  to  the  Eoyal  Society,  which  will  shortly  be  read,  and  wfaidi 
he  has  kindly  permitted  me  to  refer  to,  suggested  to  me  the  desirability 
of  investigating  the  effect  of  mere  roughness  of  surface,  all  other  drcum- 
stances  being  alike,  and  the  disk  of  the  radiometer  being  metallic,  so  that 
the  two  faces  may  be  regarded  as  practically  at  the  same  temperature. 
Mr.  Crookes's  experiment,  above  referred  to,  led  me  to  suspect  that  mere 
roughness  might  increase  the  efficiency  of  a  surface  ;  and  I  suggested  to 
biTn  some  experiments  with  heated  glass  shades,  or  with  a  hot  poker  pre- 
sented to  the  radiometer,  the  bulb  being  covered  with  a  cool  tumbler  to 
defend  it  from  being  heated  by  the  rays  easily  absorbed  by  glass.  The 
result  in  every  case  answered  my  expectation;  and  it  may  be  stated 
shortly  that  the  law  of  the  motion  is  that  when  the  fly  is  hotter  than  the 
bulb  the  rough  surface  is  repelled,  or,  say,  the  motion  is  positive ;  when 
cooler,  negative. 

I  subjoin  Mr.  Crookes's  memorandum  of  the  results  of  experiment : — 

**  Aluminium  Badiometer  (1326),  one  side  of  the  vanes  being  ruled 
closely  with  a  sharp  knife. 

"1.  Exposed  to  standard  candle  3  inches  off.  Continuous  poskive 
rotation  (ruled  side  repelled)  at  rate  of  3|  revolutions  a  minute. 

"  2.  Exposed  to  non-luminous  flame  of  a  Bunsen  burner  3  indies  off. 
Continuous  positive  rotation  at  the  rate  of  7|  turns  a  minute. 
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**  3.  The  Bunsen  burner  remoyed.  The  positive  rotation  gradoallj 
diminished  till  it  stopped.    No  negative  rotation. 

"  4.  The  bulb  heated  with  Bunsen  burner.  Gk>od  Tugative  rotation ; 
then  stopped,  and  rotated  positively  till  quite  cold. 

*^  5.  Bulb  covered  wifch  a  cold  glass  shade,  and  a  large  red-hot  ring 
applied  round  equatorially.    Positive  rotation,  but  not  very  strong. 

*'  6.  On  removing  the  shade  and  ring  the  positive  movement  soon  comes 
to  rest. 

*'  ?•  Covered  with  a  hot  glass  shade,  negative  rotation,  with  positive 
rotation  on  cooling  (the  same  as  4). 

*'  8.  Plunged  into  hot  water.    Negative  rotation. 

'*  9.  Bemoved  from  the  hot  water,  and  immediately  plunged  into  cold. 
Positive  rotation.** 

Sesults  nearly  identical  were  obtained  with  another  radiometer  de- 
scribed as  "  silver  radiometer  (1327),  one  side  coated  with  finely  divided 
silver,  electro-deposited." 

"We  must  accordingly  recognize  three  distinct  conditions  under  which 
motion  may  be  obtained  in  a  radiometer,  namely : — (1)  difference  of  tem- 
perature of  the  two  faces,  as  in  a  pith  radiometer  coated  on  one  face  with 
lampblack ;  (2)  more  favourable  presentation  of  one  face  than  the  other, 
as  in  a  radiometer  with  curved  disks ;  (3)  roughness  of  surface  on  one 
face  (if  this  be  really  difEerent  from  2).  These  three  conditions  may  be 
yariously  combined  so  as  to  assist  or  oppose  each  other,  as  the  case  may 
be,  in  producing  motion. 

December  20, 1877. 

The  Society  then  adjourned  over  the  Christmas  Becess,  to  Thursday, 
January  10, 1878. 


Presents  received^  December  6, 1877. 
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504. 

Leucoline,  transformation  of,  into  aniliiis 
(Dewar),  65. 

Lewis  (B.),  the  relationships  of  the  Berre- 
cells  of  the  cortex  to  the  lymphatic  sjs- 
tem  of  the  brain,  326. 

life  composition  of  £40,  repeal  <^  the 
statute  relating  to  the,  S25. 

Li^t,  researdies  on  the  effect  of,  upon 
jBacteria  and  other  organisms  (Dowses 
and  Blunt),  488. 

Limestones  (upper  carboniferoiu)  of  Ire- 
land, on  tne  nature  and  origin  of  the 
beds  of  <^ert  in  the  (Hull),  163w 

Lines  in  the  spectra  of  irresolvable  star- 
clusters,  on  a  cause  for  the  appearance 
of  bright  (Stone),  156,  517. 

in  the  spectra  of  irreedvabLe  nebulse, 

on  the  inferences  to  be  drawn  from  the 
appearance  of  bright  (Huggins),  179. 

Liquids  and  gases,  <m  magneto-eleeCrie 
mduetion  in  (Fleming) :  Put  L,  40. 

Lymphatic  system  of  the  brain,  the  rela- 
tionships  of  the  nerye-cells  of  the  cor- 
tex to  the  (Lewis),  326. 

Lymphatics  of  the  mammalian  skin,  on 
the  minute  structure  and  rftlaHonahips 
ofthe(Hoggan),289. 

Machines,  a  new  method  for  determiniog 
the  speed  of  (M'Leod  and  ClaribeX 
157. 

M'Laohhin  (B.),  admitted,  288. 

M*Leod  (H.)  and  G.  &  Olarke  on  some 
figures  exhibiting  the  motion  of  vi- 
brating bodies,  and  on  a  new  mediod 
for  determining  the  speed  of  machines, 
157. 

Madras,  on  the  alleged  correspondenoe  of 
the  rainfall  at,  with  the  sun-spot  period 
(Strachey).  249. 

Madreporaria,  on  the  rapidity  of  growth 
and  variability  of  some,  on  an  Atlantie 
cable  (Duncan),  133. 

Magnetic  declination,  on  the  variations  of 
the  daily  range  of  the,  as  recorded  at 
the  Kew  observatory  (Stewart^  102. 

Magnetic  observations  at  Ken^guden 
(Perry),  95. 

made  at  the  Kew  observstory, 

1876-77,  470. 

Magneto-electric  induction  in  liquids  and 
gases  (Fleming) :  Part  L,  40. 

M^^ets,  on  the  temperature-oorreotion 
and  induction-coeffici^itaof  (WliippleX 
218. 

Magnifying-power  (on  the)  of  the  half- 

Sriam  as  a  means  of  obtaining  great 
iepersionfChristie),  8. 
Mallet  (J.  W.)  on  the  density  of  solid 

mercury,  71. 
Malta,  on  the  tides  at  (Air>'),  485. 
Mnrshall  (A.  M.),  note  on  the  early  stagee 
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of  deyelopment  of  the  nenres  in  the 

chick,  47. 
Maskelyne  (N.  S.)  and  W.  J.  Bussell,  an 

attempt  to  form  double  salts  of  nitrate 

of  silver  and  other  nitrates,  357. 
Medals,  presentation  of  the,  440. 
Mercury,  on  the  density  of  solid  (Mallet), 

Meteorological  obsenrations  made  at  the 
Kew  obserratory,  1876-77,  476. 

Mills  (E.  J.^  on  electrostriction,  504. 

Molecular  changes,  on  certain,  which  oc- 
cur in  iron  and  steel  during  the  sepa- 
rate acts  of  heating  and  cooling  (Nor- 
ris),  127. 

Moeeley  (H.  N.),  admitted,  410. 

Motion  of  vibrating  bodies,  on  some 
figures  exhibiting  the  (M*Leod  and 
Clarke).  157. 

Motor  nerves,  further  observations  on  the 
raodifioation  of  the  excitability  of,  pro- 
duced by  injury  (Romanes),  211. 

Miiller  (H.  W.)  and  W.  De  La  Eue  on  the 
length  of  the  spark  from  a  voltaic  bat- 
tery in  different  gases  at  ordinary  atmo- 
Bf^eric  pressures,  227. 

on  the  length  of  the  spark 

between  two  spheric^  surfaces  of  the 
chloride-of-flilver  battery,  324. 

,  experimental  researches  on  the 

electric  discharge  with  the  ohloride-of- 
silver  battery,  519. 

Muscle,  correction  of  statement  in  the 
note  on  the  electromotive  properties  of 
(Sanderson),  322. 

NebuliB,  on  the  inferences  to  be  drawn 
from  the  appearance  of  bright  lines  in 
the  spectra  of  irreedvable  (Huggins), 
179. 

,  8ee  Stone. 

Nerve-cells  of  the  cortex,  the  relationships 
of  the,  to  the  lymphatio  system  of  the 
brain  (Lewis),  326. 

Nerves,  further  observations  on  the  modi- 
fication of  the  excitability  of  motor, 
produced  by  injury  (RomancsV  211. 

in  the  chick,  note  on  tne  early 

stages  of  development  of  the  (Marshall), 
47. 

,  on  the  ultimate  distribution  of,  to 

the  epidermis  and  subepidermio  lym- 
phatics (Hoggan),  289. 

Newcomb  (S.)  elected  foreign  member, 
o04. 

Nitrate  of  silver,  an  attempt  to  form 
double  salts  of,  and  other  nitrates 
(Bussell  and  Maskelyne),  357. 

Niven  (W.  D.)  on  the  calculation  of  the 
tnyectories  of  shot,  268. 

Noms  (B.)  on  certain  molecular  changes 
which  occur  in  iron  and  steel  during 
the  separate  acts  of  heating  and  cooling, 


I   Obituary  noticee  of  Fellows  deceased : — 

Dr.  Sibson,  i. 

J.  B.  A.  L.  L.  Blie  de  Beaumont,  iv. 
Octave,  on  the  Hindoo  division  of  the 

(Bosanquet),  372. 
Optical  properties  of  doubly  refracting 

crystals,  on  some  hitherto  undescribed 

(Sorby).  384. 
Organic  bodies,  note  on  the  electrolytic 

conduction  of   some  (Gladstone    and 

Tribe),  2. 
Organic  matter,  on  putrescent,  in  potable 

water  (Bisohof),  152. 
Organisms,  further  researches  on  the  de- 
portment and  vital  resistance  ofputre- 

fEu^ve  and  infective  (Tyndall),  23S. 
Otheoscope,    preliminary    note    on    the 

(Crookes).  176. 
Ovary,  points    of  resemblance  between 

the  suprarenal  bodies  of  the  horse  and 

dog,  and  certain  occasional  structores 

in  the  (Oreighton),  500. 

Paraffins,  on  the  normal  (Schorlemmer) : 
Part  IL,  325. 

Pavy  (F.  W.),  the  physiology  of  sugar  in 
relation  to  the  blood,  314 ;  No.  2,  346. 

Pedro  II.,  Bmp.  of  Brasil,  admitted,  288. 

PeriodicitT,  on  the  true  criterion  of,  in  a 
series  of  variable  quantities  (Strachey), 
249. 

Perry  (Bev.  S.  ZX  magnetic  observations 
at  Kerguelen,  95. 

Photographic  image  of  stratified  discharges 
(S^ttiswoode),  323.  • 

Physical  geology,  notes  on  (Haughton), 
Noe.  I.  &  IL,  51 ;  No.  IIL,  401,  534. 

Physical  propertiesof  homologues  and  iso- 
mers (Brown),  238. 

Physiology  of  sugar  in  relation  to  the 
blood  (Payy),  314 ;  No.  2,  346. 

Plants  (fossil)  of  the  coal-measures,  on 
the  organization  of  the :  Part  IX.  (Wil- 
liamson), 411. 

Port  Kennedy  in  Bellot  Strait,  tides  of, 
final  discussion  (Haughton),  63. 

Potable  water,  on  putrescent  organic  mat- 
ter in  (Bischof),  152. 

Potential,  on  the  difference  of,  produced 
by  the  contact  of  different  substances 
(Clifton),  299. 

Presents,  listof,  121, 181, 262, 363, 479,555. 

President's  address,  427. 

Prism  (half-),  on  the  magnif^ring-power 
of  the,  as  a  means  of  obtaining  great 
dispersion  (Ohristie),  8. 

Protoplasmic  filamenta,  on  the  protnurion 
of,  from  the  ^andular  hairs  (H  the  com- 
mon teasel  (Darwin),  4. 

Putrefactive  and  infective  organisms,  far- 
ther researches  on  the  deportment  and 
Tital  resistance  of  (Tyndall),  228. 

Putrescent  organic  matter  in  potable 
water  (BisofaMof),  152. 
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Badiatdon,  repulrion  resulting  from 
(OrookeeX  176. 

Baiiicals  of  electrolytes,  distribution  of 
the,  upon  an  insulated  metallic  conduc- 
tor (Tribe),  222. 

Badiometers,  on  certain  moyements  of 
(Stokes),  546. 

Bainfall  at  Madras,  on  the  alleged  corre- 
spondence of  the,  with  the  sun-spot 
period  (Straoh«y),  249. 

Bayleigh  (Lord)  on  the  amplitude  of 
sound-waves,  248. 

Befracting  (doubly)  crystals,  on  some 
hitherto  undesoribed  optical  properties 
of(Sorby),384. 

Befractire  indices  of  glass  (Hopkinson), 
290. 

Beinold  (A.  W.)  and  A.  W.  Bucker  on 
the  tliickness  of  soap  films,  3d4. 

Bepulsion,  on  attraction  aild,  of  bubbles 
by  heat  (Hartley),  137. 

resulting  from  radiation:  prelimi- 
nary note  on  the  otheosoope  (Crookes), 
176. 

Beynolds  (Osborne),  admitted,  288. 

Bmger  (S.)  and  A.  P.  Stuart  on  the  tempe- 
rature of  the  human  body  in  health,  lo6. 

Bivers,  experimental  demonstration  in 
respect  to  the  origin  of  windings  of,  in 
aUuviaiplains  (Thomson),  356. 

Boberts  (W.),  admitted,  288. 

Bomanes  (G.  J.),  further  obserrations  on 
the  modifications  of  the  exdtabili^ 
of  motor  nerves  produced  by  injury,  21 1. 

Boyal  medal  awaited  to  F.  X  Abel,  447  ; 
to  Oswald  Heer,  449. 

Bucker  (A.  W.)  and  A.  W.  Beinold  on 
the  thickness  of  soap  films,  334. 

Bussell  (W.  H.  L.)  on  certain  definite 
integrals,  359. 

Bussell  (W.  J.)  and  N.  S.  Maskelyne,  an 
attempt  to  form  double  salts  of  nitrate 
of  silver  and  other  nitrates,  357. 

Saline  solutions,  on  supersaturated  (Tom- 
Imson),  523. 

Salts  of  nitrate  of  silver  and  other  nitrates, 
an  attempt  to  form  double  (Bussell  and 
Maskelyne),  357. 

Sanderson  (Burdon),  correction  of  state- 
ment in  me  "  note  on  the  electromotive 
properties  of  muscle,"  322. 

,  remarks  on  the  attributes  of  the 

germinal  particles  of  Bacteria,  in  reply 
to  Dr.  Tyndall,  416. 

,  his  latest  views  of  ferments  and 

germs,  note  on  (Tyndall),  353. 

Schorlenmier  (0.)  on  the  normal  paraf- 
fins: PartIL,  325. 

Shai^pey  (Dr.),  letter  relative  to  a  por- 
trait of  Haller,  411. 

Shot,  on  the  calculation  of  the  trajecto- 
ries of  (Niven),  268. 

Sibson  (Dr.),  obituary  notice  of,  i 


Silver  (nitrate  of)f  an  attempt  to  form 
double  salts  of,  and  other  nitrates 
(Bussell  and  Maskelyne).  357. 

Skin,  on  the  minute  structure  and  rela- 
tionships of  the  lymphatios  of  the  mam- 
malian, 289. 

Smith  (B.  Angus),  the  examination  of  the 
air,  512. 

Soap  films,  on  the  thickness  of  (Beinold 
and  Bucker),  334. 

Sorbjr  (H.  0.)  on  some  hitherto  unde- 
soribed optical  properties  of  doubly  re- 
fracting crystals:  preliminary  notice, 
384. 

Sound-waves,  on  the  amplitude  of  (Bay- 
leigh), 248. 

Spaii,  on  the  length  of  the,  between  two 
spherical  surfaces  of  the  ohloride-of- 
silver  battery,  324. 

,  on  the  length  of  the,  from  a  voltaic 

battery  in  different  gases  at  ordinaiy 
atmospheric  pressures  (De  La  Boe  and 
MiiUer),227. 

Spectra  of  irresolvable  nebulas,  on  the 
inferences  to  be  drawn  from  the  i^ 
pearauce  of  bright  lines  in  the  (Hu/^- 
gins),179. 

of  irresolvable  star-dusters,  on  a 

cause  for  the  appearance  of  bright  lines 
in  the  (Stone),  156,  517. 

Spectroscope  (bilf-prism),  on  the  general 
theory  of  the  (Christie),  8. 

Speed  of  machines,  a  new  method  for  de- 
termining the  (M*Leod  and  CSarkeX 
167. 

Speeds  (low),  on  friction  between  surfaces 
moving  at  (Jenkin  and  Bwing),  93. 

Sphincter  am,  the  automatic  action  of 
the  (Gk>wers),  77. 

Spottiswoode  (W.)  on  hyperjacobian  sur- 
faces and  curves,  226. 

on  stratified  discharges :  IV.  Strati- 
fied and  unstratified  forms  of  the  jar- 
discharge,  90. 

,  photographic  image   of  stratified 

discharges,  323. 

Star-dusters,  on  a  cause  for  the  appear- 
ance of  bright  lines  in  the  spectra  of 
irresolvable  (Stone),  156,  517. 

f  see  Hugeins. 

Steel,  on  certain  molecular  changes  which 
occur  in  iion  and,  during  the  separate 
acts  of  heating  and  cooling  (NorrisX 
127. 

Stewart  (B.)  on  the  variations  of  the  daily 
range  of  the  magnetic  declination  m 
recorded  at  the  Kew  observatory,  102. 

Stokes  (O.  O.)  on  certain  movements  of 
radiometers,  546. ' 

on  the  fod  of  lines  seen  through  a 

crystalline  plate,  386. 

Stone  (E.  J .)  on  a  cause  for  the  appear^ 
ance  of  bright  lines  in  spectra  of  irre- 
solvable star-dusters,  156,  517. 
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Straohey  (General^  on  the  alleged  corre- 
8pK>naenoe  of  the  rainfall  at  Madras 
with  the  sun-epot  period,  and  on  the 
true  criterion  of  periodicity  in  a  aeries 
of  variable  q uantitiee,  249. 

Stratified  dischareee,  on  :  lY.  Stratified 
and  onstratified  forms  of  the  jar-dis- 
charge (Spottiswoode),  90. 

,  photographic  image  of  (Spottis- 

woode),  323. 

Stretching,  on  the  increase  of  resistance 
to  thepaasa^  of  an  electric  current,  pro- 
duced on  wires  by  (Tomlinson),  401. 

Stuart  (A.  P.)  and  S.  Ringer  on  the  tem- 
perature of  the  human  body  in  health, 
186. 

Sugar,  the  physiolo^  of,  in  relation  to 
aieUood,314;  No.  2,  346. 

Sun-spot  period,  on  the  alleged  corre- 
spondence of  the  rainfall  at  Idadras 
with  the  (Straohey),  249. 

Supersaturated  saline  solutions,  on  (Tom- 
Unson),  523. 

Suprarenal  bodies  of  the  horse  and  dog, 
•  points  of  resemblanoe  between  the,  and 
certain  occasional  structures  in  the 
ovary  (Creighton\  600. 

Snrfiftoes  moving  at  low  speeds,  on  firiotion 
between  (Jeimn  and  £)wingX  93. 

Surfaces,  on  hypeijaoobian,  and  curves 
(Spottiswoode),  226. 

Teasel,  on  the  protrusion  of  protoplasmic 
filaments  firom  the  glandular  hairs  of 
the  common  (DarwinV  4. 

Temperature  of  the  human  body  in 
health  (Binger  and  StuartX  186. 

Temperature-correction  ana  induction- 
coefficients  of  magnets  (Whipple),  218. 

Thermometers,  description  of  the  process 
of  verifying,  at  the  Kew  observatory 
(Ghdton),  84. 

Thomson  (J.),  admitted,  288. 

,  experimental  demonstration  in  re- 
spect to  the  origin  of  windings  of  rivers 
in  alluvial  plains,  and  to  the  mode  of 
fiow  of  water  round  bends  of  pipes,  356. 

Tides  at  Malta  (Airy),  485. 

of  the  arctic  seas :  Part  VII.  Tides 

ofPort Kennedy, in Bellot  Strait:  final 
discussion  (Hauehton),  63. 

Time,  on  the  absolute  measure  of  geolo- 
gical (Haughton),  401. 

Tomes  (C.  S.)  on  the  structure  and  deve- 
lopment of  vascular  dentine,  43. 

Tomlinson  (C.)  on  supersaturated  saline 
solutions,  5^. 

Tomlinson  (H.)  on  the  increase  in  re- 
sistance to  the  passage  of  an  electric 


current  produced  on  wires  bv  stretching, 
401. 

Trajectories  of  shot,  on  the  calculation  of 
the  (Niven),  268. 

Tribe  (A.),  distribution  of  the  radicals  of 
electrolytes  ugon  an  insulated  metallic 
conductor,  222. 

and  J.  H.  Gladstone,  note  on  the 

electrolytic  conduction  of  some  organic 
bodies,  2. 

Trust  funds,  454-456. 

Tschebytschew  (P.)  elected  foreign  mem- 
ber, 504. 

Turner  (W.) ,  admitted,  288. 

Tyndall  (J.),  further  researches  on  the 
deportment  and  vital  resistance  of 
putrefiictive  and  infective  organisms, 
irom  a  physical  point  of  view,  228. 

,  note  on  Dr.  Burdon   Sanderson's 

latest  views  of  ferments  and  germs, 
353. 

,  reply  to,  by  Dr.  Burdon  San- 
derson, 416. 

,  observations  on  hermetically-sealed 

fiasks  opened  on  the  Alps,  487. 

Vascular  dentine,  on  the  structure  and 
development  of  (Tomes),  43. 

Vibrating  bodies,  on  some  figures  exhibit- 
ing the  motion  of  (M'Leod  and  Clarke), 
157. 

Vibration,  on  the  constant,  of  minute 
bubbles  ^Hartley),  150. 

Vioe-Presiaents  appointed,  485. 

Voltaic  battery,  on  the  length  of  the  spark 
from  a,  in  different  gases  at  ordinary 
atmospheric  pressures  (De  La  Bue  and 
Miiller),  227. 

Water,  on  putrescent  organic  matter  in 
potable,  152. 

,  on  the  mode  of  fiow  of,  round  bends 

of  pipes  niiomson),  356. 

Whip^ue  (G-.  M.)  on  the  temperature- 
correction  and  induction-ooemoients  of 
magnets,  218. 

Williams  (G.),  researches  on  emeralds  and 
beryls :  Part  11.  On  some  of  the  pro- 
cesses employed  in  the  analysis  of 
emeralds  and  beryls,  165. 

Williamson  (W.  C.)  on  the  organization 
of  the  fossil  plants  of  the  coal-measures : 
Pftrt  IX.  on  the  latest  researches  into 
the  organization  of  the  fossil  plants  of 
the  British  coal-measures,  espeoiallT  of 
the  Calamites  and  Lepidodmdrciy  411. 

Windings  of  rivers  in  alluvial  plidns,  ex- 
perimental demonstration  in  respect  to 
the  origin  of  (Thomson),  356. 
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sammarj  of  minute  and  laborious  studies.  The  characteristic  of  all  this 
part  of  his  work  was  in  his  devotion  and  immense  labour  to  determine 
the  questions  which  he  set  himself.  Perhaps  he  overestimated  the 
relative  importance  of  some  of  them ;  but  even  if  he  did  he  should  hardly 
be  charged  with  fault ;  rather  hi^i  example  may  be  studied  as  a  protest 
against  the  greater  and  much  more  common  fault  of  thinking  that  facts 
are  easy  to  be  established.  He  will  probably  alwajrs  enjoy  the  rare  honour 
of  having  settled  some  things  so  certainly  that  they  will  never  need  to  be 
investigiU^d  again. 

It  may  be  doubted  whether  we  had  in  our  Society  a  man  of  stronger 
will  for  work  than  Sibson.  He  never  flinched  from  any  duty ;  he  never 
tried  to  make  it  easy :  when  he  saw  a  duty  to  be  done  he  looked  to  see 
how  large  it  could  be  made,  how  manifold  in  detail ;  and  he  did  it  all. 
No  man  followed  better  the  advice  of  the  king  Preacher,  "  Whatsoever 
thy  hand  findeth  to  do,  do  it  with  thy  might.''  And  surely  no  one  ever 
woriLod  harder  with  as  light  and  genial  a  heart.  Who  of  us  can  forget 
the  gentleness  and  enthusiasm  of  his  social  life,  his  fervent  greetings, 
his  words  of  affection,  the  sincerity  of  which  was  proved  by  the  whole 
tenour  of  his  pure  unselfish  life  ?  He  was  a  many-sided  man,  and  on  all 
sides  good ;  a  true  lover  of  nature  and  of  art,  his  house  was  adorned 
with  a  fine  collection  of  engravings,  and  especially  Wedgwood  ware,  of 
which  he  was  a  critical  judge  :  his  collection  of  Wedgwood  medallions  of 
scientific  men  (unfortunately  dispersed  by  sale  after  his  death)  was  probably 
the  most  complete  ever  got  together,  and  was  especially  rich  in  repre- 
sentations of  Fellows  of  the  Eoyal  Society. 

Dr.  Sibson  married,  in  July  1868,  Sarah  Mary,  younger  daughter  of 
Peter  Aim^  Ouvry,  Esq.,  of  East  Acton,  a  lady  of  highly  cultivated  mind 
and  of  rare  artistic  accomplishments.  His  death  was,  as  he  expected, 
sudden.  He  died  at  Geneva  on  the  7th  of  September,  on  his  way  home 
from  a  vacation  tour ;  and  when  we  might  have  thought  of  him  as  coming 
to  us  again,  with  his  enthusiastic  narratives  of  adventure  or  of  some 
study  in  rare  art,  abrupt  news  came  that  his  career  was  finished  *. 

*  Br.  Sibson's  chief  papers,  beeidee  those  already  referred  to,  may  be  found  in  tie 
*  Philosophical  Transactions,'  1846, 1848,  toIs.  1 36, 188 ;  the  *  London  Medical  Gazette,* 
2nd  ser.,  vols,  iy.,  Ti.,  yii.,  yiii.,  x. ; '  London  Journal  of  Medicine,*  toI.  i. ;  'British  Medical 
Journal,*  1873;  *  Pathological  Transactions,*  toIs.  ii.,  iii.,  x. ;  *  Trans,  of  British  Medical 
Association,'  toI.  xrii.,  1850;  Beynolds's  'System  of  Medicine,*  art.  "Pericarditis, 
Endocarditis*'  (these  were  completed  after  the  labour,  it  is  said,  of  three  years,  just 
before  his  death).  The  '  British  Medical  Journal  *  of  the  current  year  contains  the 
Harreian  Leotores  on  Bright*B  disease,  which  Dr.  Sibson  had  prepared  for  deliTery  not 
long  before  his  death. 
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IV 

J.  B.  A.  L.  L.  &JE  DE  Beaumont  was  bom  on  the  25th  September, 
1798.  In  the  year  1817  he  became  a  student  at  the  ficole  Polytechniqne, 
where  he  greatly  distinguished  himself.  In  1819  he  left  that  School, 
haying  the  first  place  among  those  who  were  leaving  at  the  same  time, 
and  commenced  his  studies  at  the  £cole  des  Mines.  He  soon  evinced 
a  decided  taste  for  geological  pursuits,  and  in  his  second  year  his  excell^it 
and  distinguished  master,  M.  Brochant  de  Yilliers,  wrote  of  him  as 
follows  : — *'  U  est  regard^  comme  un  de  nos  plus  forts  sujets  prints  et 
passes.  II  a  surtout  un  grand  go(it  et  beaucoup  de  dispositions  pour 
la  G^logie.^  The  papers  he  wrote  after  various  geological  excursions 
made  by  the  pupils  have  been  preserved  in  the  School  and  show  his  zeal 
and  capacity  for  that  study. 

In  the  beginning  of  his  career  as  an  engineer  his  masterly  memoir  on 
the  sandstone  strata  of  the  Yosges  attracted  much  notice,  and  at  once 
gave  him  a  place  among  rising  geologists. 

In  1822,  just  as  the  pupil  engineer  was  completing  his  brilliant  course 
of  study,  an  incident  decided  his  career.  The  Council  of  the  £cole  des 
Mines  having  received  a  copy  of  the  fine  Geological  map  of  England,  just 
executed,  were  so  much  struck  with  the  importance  of  the  work  that  they 
expressed  to  the  Administration  a  wish  that  a  similar  map  of  France 
should  be  drawn  up. 

Before  this  suggestion  could  be  carried  out,  it  was  neoessaiy  to  giun  a 
large  mass  of  information  from  England ;  and  £lie  de  Beaumont  was 
soon  afterwards  sent  with  Brochant  de  Yilliers,  and  his  friend  and 
colleague,  Dufrenoy,  on  a  mission  to  England,  in  order  to  study  the 
principles  on  which  this  map  had  been  prepared.  On  their  return  they 
published  a  description  of  the  principal  metallurgical  establishments 
of  this  country,  then  little  known  to  Prench  manufacturers.  The  Geo- 
logical conditions  of  the  workings  in  Great  Britain,  the  processes  em- 
ployed in  manufactories,  and  the  general  arrangements  of  plant  were 
carefully  described  in  this  elaborate  work,  which  is  considered  to  have 
rendered  an  immense  service  to  French  Metallurgy.  As  a  consequence 
of  this  mission  £lie  de  Beaumont  and  Dufrenoy  were  commissioned, 
under  the  direction  of  Brochant  de  Yilliers,  to  prepare  a  Geological  Map 
of  France,  a  task  which,  begun  in  1825,  occupied  eighteen  years. 

In  1824  £lie  de  Beaumont  was  appointed  as  Engineer  of  second  class 
at  Bouen,  and  held  that  position  until  1827,  when  he  was  placed  as 
assistant  to  M.  Brochant  de  Yilliers  in  the  duties  of  the  Geological  Chair 
at  the  £cole  des  Mines,  and  in  1835  succeeded  to  the  professorship. 

Hitherto  £lie  de  Beaumont  had  been  chiefly  remarkable  for  great 
power  of  work  and  intelligence.  He  was  now  to  take  high  rank  as  an 
original  investigator.  In  1829  he  made  a  communication  to  the  Academy, 
in  which  he  asserted  that  the  oldest  chain  of  mountains  in  France  was 
that  of  the  C6te  d'or,  in  Burgundy,  that  the  Pyrenees  and  Apennines 
were  of  later  date,  that  Mont  Blanc  belonged  to  a  still  more  recent 
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period,  and  that  the  St.  Oothard  was  younger  than  Mont  Blanc.  The 
most  eminent  geologists  of  the  time  adopted  the  new  doctrines,  which 
were  enthusiastically  propagated  by  Arago.  Thus  encouraged,  filie  de 
Beaumont  prosecuted  his  studies  of  the  origin  of  mountain-ranges  with 
renewed  vigour,  and  his  *  Syst^mes  des  Montagues '  was  the  result,  fol- 
lowed in  after  years  by  large  additions  of  facts  and  the  development 
of  his  great  idea  of  the  pentagonal  network  of  mountain-chains.  His 
views  have  not  met  with  imiversal  concurrence  either  from  geologists 
or  mathematicians.  They  have  been  ably  controverted  by  other  geo- 
logists, among  whom  are  Sir  Charles  Lyell  and  Mr.  Hopkins  in  his  anni- 
versary address  to  the  Geological  Society  in  1863. 

In  1832,  on  the  death  of  Cuvier,  £lie  de  Beaumont  was  elected  almost 
unanimously  to  the  vacant  chair  in  the  College  de  France.  There  he 
created  a  school  of  Geology,  and  for  upwards  of  twenty  years  his  lectures 
were  numerously  attended  by  students  of  geology. 

He  was  early  in  his  career  elected  into  the  French  Academy,  and  on 
the  death  of  Arago  in  1853  he  was  selected  for  the  important  post  of 
Perpetual  Secretary  of  that  learned  body,  which  post  he  retained  until 
his  unexpected  death  on  the  2l8t  September,  1874, 

After  long  service  as  Inspector-General  of  Mines  he  became,  in  1861 , 
Yice-President  of  the  Conseil-General  des  Mines,  and  a  Grand  Officer  of 
the  Legion  of  Honour.  He  was  also  a  member  of  the  French  Senate. 
For  nearly  50  years  of  his  life  (that  is  to  say,  from  his  entrance  as  pupil 
in  1819  until  his  superannuation  in  1868)  he  was  attached  to  the  £cole 
des  Mines. 

The  extent  and  number  of  his  writings  can  only  be  judged  of  by  a 
complete  list ;  but  his  *  G^logie  Pratique '  may  especially  be  noticed. 

M.  £lie  de  Beaumont  married  a  lady  of  the  distinguished  house  of 
Quelen.  Her  death  and  the  miseries  of  the  late  war  no  doubt  tended  to 
hasten  his  end. 
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